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COMMITTEE. 


INTRODUCTION  TO  MECHANICS. 


[The  present  Treatise  is  intended  to  furnish  introductions  to  the  study  of 
different  branches  of  Natural  Philosophy,  of  the  most  elementary  kind  con* 
sistent  with  accuracy.  Many  readers  have  now,  for  a  considerable  time,  found 
an  excellent  manual  of  this  character  in  the  well-known  "  Conversations  on 
Natural  Philosophy."  The  Author  and  Proprietors  of  that  work  have,  with 
great  liberality,  authorized  the  Committee  to  use  it  freely  for  the  purposes  of 
the  present  Treatise,  which  accordingly  is  entirely  founded  upon  it,  with  hardly 
any  alterations  except  those  v/hich  were  necessary  to  adapt  it  to  the  form  of  the 
publications  of  the  Society.] 

Section  I. — On  General  Properties  of  Bodies, 

This  Preface  being  intended  as  an  elementary  introduction  to  the  Science 
of  Mechanics,  we  shall  consider  our  readers  as  entirely  ignorant  of  natural 
philosophy,  and  endeavour  to  adapt  our  explanations  to  the  comprehension 
of  the  most  uninformed  minds.  No  branch  of  Natural  Philosophy  can 
be  understood  without  some  previous  knowledge  of  the  general  properties 
of  bodies  ;  we  shall  therefore  begin  by  taking  a  survey  of  these  properties. 

There  are  certain  properties  which  appear  to  be  common  to  all  bodies, 
and  are  hence  called  the  essential  properties  of  bodies :  these  are,  Impene* 
trabilityt  Extension^  Figure,  Divisibility,  Inertia,  and  Attraction, 

By  impenetrability  is  meant  the  property  which  bodies  have  of  occu- 
pying a  certain  space,  so  that,  where  one  body  is,  another  cannot  be, 
without  displacing  the  former;  for  two  bodies  cannot  exist  in  the  same 
place  at  the  same  time.  A  liquid  may  be  more  easily  removed  than  a 
solid  body ;  yet  it  is  not  the  less  substantial,  since  it  is  as  impossible  for 
a  liiiuid  and  a  solid  to  occupy  the  same  space  at  the  same  time,  as  for  two 
solid  bodies  to  do  so.  For  instance,  if  a  spoon  be  put  into  a  glass  full  of 
water,  the  water  will  flow  over  to  make  room  for  the  spoon. 

Air  is  a  fluid  differing  in  its  nature  from  liquids,  but  no  less  impene- 
trable. If  we  endeavour  to  All  a  phial  by  plunging  it  into  a  basin  of 
water,  the  air  will  rush  out  of  the  phial  in  bubbles,  in  ortler  to  make  way 
for  the  water ;  for  they  cannot  both  exist  in  the  same  space,  any  moi*e 
thnn  two  hard  bodies  ;  and  if  we  reverse  a  goblet,  and  plunge  it  pcrpendi- 
ciilnrly  into  the  water,  so  that  the  air  will  not  be  able  to  escape,  the  water 
will  not  All  the  goblet ;  it  rises,  it  is  true,  a  considerable  way  into  it, 
because  the  water  compresses  or  squeezes  the  air  into  a  small  space  in  the 
upper  part  of  the  goblet ;  but,  as  long  as  the  air  remahis  there,  no  other 
body  can  occupy  the  same  place. 

If  a  nail  be  driven  into  a  piece  of  wood,  it  will  penetrate  it,  and  both 
the  wood  and  the  nail  will  occupy  the  same  space  that  the  wood  alone  did 
before ;  but  it  must  be  observed,  that  the  nail  penetrates  between  the 
particles  of  the  wood,  by  forcing  them  to  make  way  for  it ;  for  not  a  single 
atom  of  wood  remains  in  the  space  which  the  nail  occupies ;  and  if  the 
wood  is  not  increased  in  size  by  the  addition  of  the  nail,  it  is  because 
wood  is  a  porous  substance,  like  sponge,  the  particles  of  which  ma"*}  b« 
compressed  or  squeezed  closer  together ;  and  il  \s  V\\us  V\va\.  VXie^  ^cM^k^ 
way  for  the  nail ' 
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We  may  now  proceed  to  the  next  general  property  of  bodies,  extension, 
A  body  which  occupies  a  certain  space  must  necessarily  have  extension ; 
that  is  to  say,  length,  breadihy  and  depth :  these  are  called  the  dimensions 
of  extension,  and  they  vary  extremely  in  different  bodies.  The  leng;th, 
breadth,  and  depth  of  a  box,  or  of  a  thimble,  are  very  different  from  those 
of  a  walking-stick,  or  of  a  hair. 

Height  and  depth  are  the  same  dimension,  considered  in  different  points 
of  view ;  if  you  measure  a  body,  or  a  space,  from  the  top  to  the  bottom. 
It  is  called  depth ;  if  from  the  bottom  upwards,  it  is  called  height  Breadth 
and  width  are  also  the  same  dimension. 

The  limits  of  extension  constitute  Jlgure  or  shape :  a  body  cannot  be 
without  form,  either  symmetrical  or  irregular.  Nature  has  assigned 
regular  forms  to  her  productions  in  general.  The  most  perfect  natural 
form  of  mineral  substances  is  that  of  crystals,  of  which  there  is  a  great 
variety.  Many  of  them  are  very  beautiful,  and  no  less  remarkable  by 
their  transparency  or  colour,  than  by  the  perfect  regularity  of  their  forms, 
as  may  be  seen  in  the  various  museums  and  collections  of  natural  history. 
The  vegetable  and  animal  creations  appear  less  symmetrical,  and  are  still 
more  diversified  in  figure  than  the  mineral  kingdom.  Manufactured  sub- 
stances assume  the  various  arbitrary  forms  which  the  art  of  man  designs 
for  them  ;  and  an  infinite  number  of  irregular  forms  are  produced  by  frac- 
tures, such  as  broken  china,  or  glass,  or  the  fragments  of  mineral  bodies, 
which  are  broken  in  being  dug  out  of  the  earth,  or  decayed  by  the  effect 
of  torrents  and  other  causes. 

We  may  now  proceed  to  divisibility ;  that  is  to  say,  a  susceptibility  of 
being  divided  into  an  indefinite  number  of  parts.  Take  any  small  quan- 
tity of  matter,  a  grain  of  sand,  for  instance,  and  cut  it  into  two  parts ; 
these  two  parts  might  be  again  divided,  had  we  instruments  sufficiently 
fine  for  the  purpose ;  and  if,  by  means  of  pounding,  grinding,  and  other 
similar  methods,  we  carry  this  division  to  the  greatest  possible  extent,  and 
reduce  the  body  to  its  finest  imaginable  particles,  yet  not  one  of  the 
particles  will  be  destroyed,  and  the  body  will  continue  to  exist,  though  in 
this  altered  state.  A  single  pound  of  wool  may  be  spun  so  fine  as  to 
extend  to  nearly  100  miles  in  length. 

The  melting  of  a  solid  body  in  a  liquid  also  affords  a  very  striking 
example  of  the  extreme  divisibility  of  matter ;  when  you  sweeten  a  cup  of 
tea,  for  instance,  with  what  minuteness  the  sugar  must  be  divided  to  be 
diffused  throughout  the  whole  of  the  liquid !  And  if  a  few  drops  of  red 
wine  be  poured  into  a  glass  of  water  they  will  immediately  tinge  the 
liquid  throughout.  The  odour  of  lavender-water,  or  any  other  perfume, 
will  be  almost  as  instantaneously  diffused  throughout  the  room  if  the  bottle 
be  opened.  The  odour  or  smell  of  a  body  is  part  of  the  body  itself,  and 
is  produced  by  very  minute  particles  or  exhalations  which  escape  from 
odoriferous  bodies,  and  come  in  actual  contact  with  the  nose ;  and  it 
would  be  just  as  impossible  to  smell  a  flower,  the  odoriferous  particles 
of  which  did  not  touch  the  nose,  as  to  taste  a  fruit,  the  flavoured  particles 
of  which  did  not  come  in  contact  with  the  tongue.  If  a  bottle  of  lavender- 
water  be  Icfl  open  a  sufficient  length  of  time,  the  whole  of  the  liquid  will 
evaporate  and  disappear.  But  though  so  minutely  subdivided  as  to  be  im- 
perceptible to  any  of  our  senses,  each  particle  would  continue  to  exist ;  for 
it  is  not  within  the  power  of  man  to  destroy  a  single  particle  of  matter;  nor 
is  there  any  reason  to  suppose,  that  in  nature  an  atom  is  ever  annihilated. 

When  a  body  is  burnt  to  ashes,  part  of  it,  it  is  true,  appears  to  be 
destroyed;  the  residue  of  ashes  beneath  the  grate,  for  instance,  is  very 
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small  compared  to  the  coals  which  have  been  consumed  within  it  In 
this  rase,  that  part  of  the  coals,  which  one  would  suppose  to  be  destroyed, 
evaporates  in  the  form  of  smoke  and  vapour,  whilst  the  remainder  is 
reduced  to  ashes.  A  body  in  burning  undergoes,  no  doubt,  very  re- 
markable changes ;  it  is  generally  subdivided ;  its  form  and  colour  altered ; 
its  extension  increased:  but  the  various  parts,  into  which  it  has  been 
separated  by  combustion,  continue  in  existence,  and  retain  all  the  essential 
properties  of  bodies.  Smoke,  indeed,  when  dififused  in  the  air,  becomes 
invisible,  but  we  must  not  imagine  that  what  we  no  longer  see  no  longer 
exists.  Were  every  particle  of  matter  that  becomes  invisible  annihilated, 
the  world  itself  would  in  the  course  of  time  be  destroyed.  The  particles  of 
smoke  continue  still  to  be  particles  of  matter,  as  well  as  when  more  closely 
united  in  the  form  of  coals  :  they  are  really  as  substantial  in  the  one  state 
as  in  the  other,  and  equally  so  when,  by  being  diffused  in  the  air,  they 
become  invisible.  No  particle  of  matter  is  ever  destroyed:  this  is  a 
])rinciple  which  must  constantly  be  remembered.  Every  thing  in  nature 
decays  and  corrupts  in  the  lapse  of  time.  We  die,  and  our  bodies  moulder 
to  dust:  but  not  a  single  atom  of  them  is  lost;  they  serve  to  nourish  the 
earth,  whence,  while  living,  they  drew  their  support. 

It  should  be  observed,  that  when  a  body  is  divided,  its  surface  or  ex- 
terior part  is  augmented.  If  an  apple  be  cut  in  two,  in  addition  to  the 
round  surface,  there  will  be  two  flat  surfaces ;  divide  the  halves  of  the 
apple  into  quarters,  and  two  more  surfaces  will  be  produced. 

Inertia,  the  next  essential  property  of  matter,  expresses  the  resistance 
which  inactive  matter  makes  to  a  change  of  state.  Bodies  appear  to  be 
not  only  incapable  of  changing  their  actual  state,  whether  it  be  of  motion 
or  of  rest,  but  to  be  endowed  witli  a  power  of  resisting  such  a  change.  It 
requires  force  to  put  a  body  which  is  at  rest  in  motion ;  an  exertion  of 
strength  is  also  requisite  to  stop  a  body  which  is  already  in  motion.  The 
resistance  of  a  body  to  a  change  of  state  is,  in  either  case,  called  its  inertia. 
In  playing  at  cricket,  for  instance,  considerable  strength  is  required  to 
give  a  rapid  motion  to  the  ball ;  and  in  catching  it  we  feel  the  resistance 
it  makes  to  being  8to])])ed.  Inert  matter  is  as  incapable  of  stopping  of 
itself,  as  it  is  of  putting  itself  into  motion.  When  the  ball  ceases  to  move, 
therefore,  it  must  be  stopped  by  some  other  cause  or  power,  which  we 
shall  presently  ex])lain. 

The  last  property  which  appears  to  be  common  to  all  bodies  is 
attraction^  under  which  general  name  we  may  include  all  the  properties 
by  which  one  atom  of  matter  acts  on  another,  so  as  to  make  the  latter 
approach  or  continue  near  the  former.  Bodies  consist  of  infinitely  small 
particles  of  matter,  each  of  which  possesses  the  power  of  attracting  or 
drawing  towards  it,  and  uniting  with  any  other  ])article  sufficiently  near  tc 
be  within  the  influence  of  its  attraction.  This  power  cannot  be  recog- 
nized in  minute  particles,  except  when  they  are  in  contact,  or  at  least 
appear  to  be  so :  it  then  makes  them  stick  or  adhere  together,  and  is 
hence  called  the  attraction  of  cohesion.  Without  this  power,  solid  bodies 
would  fall  in  pieces,  or  rather  crumble  to  atoms ;  although  we  are  so 
much  accustomed  to  see  bodies  Arm  and  solid,  that  it  seldom  occurs. to 
us  that  any  power  is  requisite  to  unite  the  particles  of  which  they  arc 
composed. 

The  attraction  of  cohesion  exists  also  in  liquids  :  it  is  this  power  which 
holds  a  drop  of  water  suspended  at  the  end  of  the  finger,  and  kecpa 
the  minute  watery  particles  of  which  it  is  composed  united.  But  as  this 
power  is  stronger  in  proportion  as  the  particles  of  bodies  are  moro 
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closely  united,  Uie  cohesive  attraction  of  solid  ])odies  is  much  greater 
than  that  of  fluids. 

The  thinner  and  lighter  a  fluid  is,  the  less  is  the  cohesive  attraction  of 
its  particles,  because  they  are  further  apart ;  and  in  elastic  fluids,  such  as 
air,  there  is  no  cohesive  attraction  whatever.  Air,  however,  is  of  the 
same  nature  as  other  bodies  in  all  its  essential  properties;  nor  is  it 
probable  that  the  particles  of  air  are  destitute  of  the  power  of  attraction, 
but  they  are  too  far  distant  from  cuch  other  to  be  influenced  by  it;  and 
the  utmost  efforts  of  human  art  have  proved  hitherto  ineff*ectual  in  the 
attempt  to  compress  them,  so  as  to  bring  them  within  the  sphere  of  each 
other*s  attraction,  and  make  them  cohere. 

It  is  owing  to  the  different  degrees  of  attraction  of  different  substances, 
that  they  are  hard  or  sofl ;  and  that  liquids  are  thick  or  thin.  This  very 
frequently,  especially  in  l)odics  of  the  same  nature,  corresponds  with  what 
we  express  by  the  term  density^  which  denotes  the  degree  of  closeness 
and  compactness  of  the  particles  of  a  body :  in  these  cases,  whether  in 
8t)lids  or  liquids,  the  stronger  the  cohesive  attraction,  the  greater  is  the 
density  of  the  body.  In  philosophical  language,  however,  density  is  snid 
to  be  that  property  of  bodies  by  which  they  contain  a  certain  quantity  of 
matter,  under  a  certain  bulk  or  magnitude.  Rarity^  though  opposed  to 
density,  as  it  denotes  the  thinness  and  subtlety  of  bodies,  will  admit 
of  the  same  definition ;  for  it  implies  merely  a  diminution  of  density : 
thus  we  should  say  that  mercury  or  quicksilver  was  a  very  dense  fluid ; 
ether,  a  very  rare  one,  &c. 

We  judge  by  the  weight  of  the  quantity  of  matter  contained  in  a 
certain  bulk,  and  bodies  of  the  same  bulk  are  said  to  be  dense  in  pro- 
portion as  they  are  heavy.  Thus  we  say  that  metals  are  dense  bodies, 
wood  comparatively  a  rare  one,  &c.  But  it  may  be  objected,  that  when  the 
particles  of  a  body  are  so  near  as  to  attract  each  other,  the  effect  of  this 
power  must  increase  as  they  are  brought  by  it  closer  together  :  so  that 
one  would  suppose  the  body  would  gradually  augment  in  density,  till  it 
was  impossible  for  its  particles  to  be  more  closely  united.  Now,  we 
know  that  this  is  not  the  case ;  for  soft  bodies,  such  as  cork,  sponge,  or 
butter,  never  become,  in  consequence  of  the  increasing  attraction  of  their 
particles,  as  hard  as  iron.  The  answer  is,  that  in  such  bodies  as  cork 
and  sponge,  the  particles  which  come  in  contact  are  so  few  as  to  produce 
but  a  slight  degree  of  cohesion  :  they  are  porous  bodies,  which,  owing  to 
their  peculiar  arrangement,  abound  with  interstices  which  separate  the 
particles ;  and  these  vacancies  are  filled  with  air,  the  spring  or  elasticity 
of  which  prevents  the  closer  union  of  the  parts.  But  there  is  another 
fluid  much  more  subtle  than  air,  which  pervades  all  bodies  ;  this  is  heat. 
Heat  insinuates  itself  more  or  less  between  the  particles  of  bodies,  and 
forces  them  asunder ;  it  may  therefore  be  considered  as  constantly  acting 
in  opposition  to  the  attraction  of  cohesion,  the  one  endeavouring  to  rend 
a  body  to  pieces,  the  other  to  keep  its  parts  flrmly  united. 

The  more  a  body  is  heated,  then,  the  more  its  particles  will  be  sepa- 
rated ;  consequently  bodies  generally  swell  or  dilate  by  heat :  this  effect 
is  very  sensible  in  butter,  for  instance,  which  expands  by  the  application 
of  heat,  till  at  length  the  attraction  of  cohesion  is  so  far  diminished  that 
the  particles  separate,  and  the  butter  becomes  liquid.  A  similar  effect 
is  produced  by  heat  on  metals,  and  all  bodies  susceptible  of  being  melted. 
Liquids  are  made  to  boil  by  the  application  of  heat;  the  attraction  of 
cohesion,  then,  yields  entirely  to  the  expansive  power ;  the  particles  are 
totally  separated,  and  converted  into  steam  or  vapour.    But  the  agency 
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of  heat  18  in  no  body  more  sensible  than  in  air,  which  dilates  and  con- 
tracts by  its  increase  or  diminution  in  a  very  remarkable  degree. 

To  return  to  its  antagonist,  the  attraction  of  cohesion ;  it  is  this  powef 
which  restores  to  vapour  its  liquid  form,  which  unites  it  into  drops  when 
it  falls  to  the  earth  in  a  shower  of  rain,  and  which  gathers  the  dew  into 
brilliant  gems  on  the  blades  of  grass :  for  rain  does  not  descend  from  the 
clouds  at  first  in  the  form  of  drops,  but  in  that  of  mist  or  vapour,  which 
is  composed  of  very  small  watery  particles;  these,  in  their  descent, 
mutually  attract  each  other,  and  those  that  are  sufficiently  near  in  con- 
sequence unite  and  form  a  drop,  and  thus  the  mist  is  transformed  into  a 
shower.  The  dew  also  was  originally  in  a  state  of  vapour,  but  is,  by  the 
mutual  attraction  of  the  particles,  formed  into  small  globules  on  the  blades 
of  grass  :  in  a  similar  manner  the  rain  upon  the  leaf  collects  into  large 
drops,  which,  when  they  become  too  heavy  for  the  leaf  to  support,  fall  to 
the  ground.' 

Among  the  wonderful  phenomena  of  nature,  we  must  not  omit  to 
point  out  a  curious  effect  of  the  attraction  of  cohesion.  It  enables  liquids 
to  rise  above  their  level  in  capillary  tubes :  these  are  tubes  the  bores  of 
which  are  so  extremely  small  that  liquids  ascend  within  them,  from  the 
cohesive  attraction  between  the  particles  of  the  liquid  and  the  interior 
surface  of  the  tube.  You  may  perceive  the  water  rising  in  a  small  glass 
tube  immersed  in  a  goblet  of  water.  It  creeps  up  the  tube  to  a  certain 
height  and  there  remains  stationary,  because  the  cohesive  attraction 
between  the  water  and  the  internal  surface  of  the  tube  is  balanced  by 
the  weight  of  the  water  within  it.  If  the  bore  of  the  tube  were  narrower, 
the  water  would  rise  higher  ;  and  if  you  immerse  several  tubes  of  bores 
of  different  sizes,  you  will  see  it  rise  to  different  heights  in  each  of  them. 
In  making  this  experiment,  the  water  should  be  coloured  with  a  little 
red  wine,  in  order  to  render  the  effect  more  obvious. 

All  porous  substances,  such  as  sponge,  bread,  linen,  &c.,  may  be  con- 
sidered as  collections  of  capillary  tubes:  if  you  dip  one  end  of  a  lump  of 
sugar  into  water,  the  water  will  rise  in  it,  and  wet  it  considerably  above 
the  surface  of  that  into  which  you  dip  it. 

We  shall  now  explain  the  attraction  of  gravitation.  It  is  unnecessary 
here  to  inquire  whether  it  be  only  another  modification  of  the  same  pro- 
perties which  produce  the  attraction  of  cohesion,  which  it  certainly 
resembles  in  this,  that  it  really  results  from  the  attractive  force  of  the 
minute  particles  of  matter  of  which  bodies  are  composed.  But,  tracing  it 
only  in  its  effects,  we  now  speak  of  it  as  u  force  acting,  unlike  that  of 
cohesion,  at  considerable  distances,  and  only  perceptible  in  its  effects 
when  many  particles  of  matter  are  combined  together  in  one  mass.  It 
acts  therefore  on  the  largest  bodies,  and  at  immense  distances  as  well  as 
small  ones.  Let  us  take,  for  example,  one  of  the  largest  bodies  in  na- 
ture, and  observe  whether  it  does  not  attract  other  bodies.  What  is  it 
that  occasions  the  fall  of  a  book  when  it  is  no  longer  supported  ?  You 
will  say  that  all  bodies  have  a  natural  tendency  to  fall.  That  is  true ; 
but  that  tendency  is  produced  by  the  attraction  of  the  earth.  The  earth, 
being  much  larger  than  any  body  on  its  surface,  forces  every  other,  which 
is  not  supported,  to  fall  to  it. 

When  you  are  accustomed  to  consider  the  fall  of  bodies  as  depending 
on  this  cause,  it  will  appear  to  you  as  natural,  and  surely  much  mor« 
satisfactory,  than  if  the  cause  of  their  tendency  to  fall  were  totally 
unknown.  Thus  all  matter  is  attractive,  from  the  smallest  particle  to  the 
largest  mass ;  and  bodies  attract  each  other  with  a  force  proportioned  to 
the  ciuantity  of  matter  they  contain. 
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When  the  attraction  of  cohesion  and  that  of  gravitation  are  opposed  to 
each  other,  the  former,  within  the  limits  at  which  it  acts,  is  generally 
the  stronger.  Of  this  we  have  an  instance  in  the  attraction  of  capillary 
tubes,  in  which  liquids  ascend  by  the  attraction  of  cohesion,  in  opposition 
to  that  of  gpravity.  It  is,  however,  necessary  that  the  bore  of  the  tube 
should  be  extremely  small ;  for  if  the  column  of  water  within  the  tube  is 
not  very  minute,  the  attraction  would  not  be  able  either  to  raise  or  sup- 
port its  weight,  in  opposition  to  that  of  gravity.  It  may  be  observed,  also, 
that  all  solid  bodies  are  enabled,  by  the  force  of  the  cohesive  attraction  of 
their  particles,  to  resist  that  of  gravity,  which  would  otherwise  disunite 
them,  and  bring  them  to  a  level  with  the  ground,  as  it  does  in  the  case  of 
liquids,  the  cohesive  attraction  of  which  is  not  sufficient  to  enable  them 
to  resist  the  power  of  gravity.  There  is  no  attraction  of  cohesion  between 
the  separate  parts  of  pulverized  bodies ;  every  grain  of  powder  or  sand  is 
composed  of  a  great  number  of  more  minute  particles,  firmly  united  by 
the  attraction  of  cohesion ;  but  amongst  the  grains  themselves  there  is  no 
sensible  attraction,  because  they  are  not  in  sufficiently  close  contact. 

The  surface  of  bodies  is  so  rough  and  uneven,  that,  when  in  actual 
contact,  they  touch  each  other  only  by  a  few  points.  Thus,  if  a  book, 
the  binding  of  which  appears  perfectly  smooth,  be  laid  on  the  table,  so 
few  of  the  particles  of  its  under  surface  come  in  contact  with  the  table, 
that  no  sensible  degree  of  cohesive  attraction  takes  place;  it  does  not 
stick,  or  cohere  to  the  table,  and  there  is  no  difficulty  in  liAing  it  off.  It  is 
only  when  surfaces  perfectly  flat  and  well  polished  are  placed  in  contact, 
that  the  particles  approach  in  sufficient  number,  and  closely  enough  to 
produce  a  sensible  degree  of  cohesive  attraction.  Take  two  hemispheres 
of  polished  metal,  press  their  flat  surfaces  together,  having  previously 
interposed  a  few  drops  of  oil,  to  fill  up  every  little  porous  vacancy.  It 
now  requires  a  weight  of  several  pounds  to  separate  them  :  but  part  of 
this  effect  is  due,  as  will  be  explained  hereafter,  to  a  pressure  of  the  air 
on  their  surface  ;  the  residue  is  the  effect  of  cohesion.  The  same  cause 
which  occasions  the  fall  of  bodies  produces  also  their  weight ;  in  other 
words  it  is  the  attraction  of  gravity  which  makes  bodies  heavy.  The  power 
which  brings  bodies  that  are  unsupported  to  the  ground  causes  those  which 
are  supported  to  press  upon  the  objects  which  prevent  their  fall,  with  a 
weight  equal  to  the  force  with  which  they  gravitate  towards  the  earth. 

Attraction  being  mutual  between  two  bodies,  when  a  stone  fulls  to  the 
earth,  the  earth  should  rise  part  of  the  way  to  meet  it.  But  when,  on 
the  other  hand,  you  consider  that  attraction  is  proportioned  to  the  mass  of 
the  attracting  and  attracted  bodies,  you  will  no  longer  expect  to  see  the 
earth  rising  to  meet  the  stone.  You  may  possibly  imagine  that,  according 
to  this  theory,  the  hills  should  attract  the  houses  and  churches  towards 
them.  The  hills  no  doubt  exert  this  influence,  but  they  cannot  move  the 
buildings,  because  they  can  neither  overcome  the  attraction  of  cohesion 
between  the  bricks  and  the  mortar,  nor  that  of  gravity  which  fixes  the  wall 
to  the  ground.  There  are,  however,  some  instances  in  which  the  attrac- 
tion of  a  large  body  has  sensibly  counteracted  that  of  the  earth.  If  a  man, 
standing  on  the  declivity  of  an  abrupt  mountain,  hold  a  plumb-line  in  his 
hand,  the  weight  will  not  fall  perpendicularly  to  the  earth,  but  incline  a  little 
towards  the  mountain  ;  and  this  is  owing  to  the  lateral  or  sideway  attraction 
of  the  mountain  interfering  with  the  perpendicular  attraction  of  the  earth. 

If  no  obstacle  intervened  to  impede  the  fall  of  bodies,  attraction  would 
make  them  all  descend  with  an  equal  velocity,  or  quickness ;  so  that 
those  which  full  from  the  same  height  would  reach  the  earth  in  the  same 
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space  of  time.     It  may  be  objected,  that  since  attraction  is  proportioned  to 
the  quairtity  of  matter  which  a  body  contains,  the  earth  must  necessarily 
attract  a  heavy  body  more  strongly,  and  consequently  bring  it  to  the 
ground  more  rapidly  than  a  light  one.     In  answer  to  this,  it  must  be 
observed  that  bodies  have  no  natural  tendency  to  fall  any  more  than  to 
riscj  or  to  move  laterally,  and  that  they  will  not  fall  unless  impelled  by 
some  force  ;  and  this  force  must  be  proportioned  to  the  quantity  of  matter 
it  has  to  move.   A  body  consisting  of  1000  particles  of  matter,  for  instance, 
requires  ten  times  the  force  of  attraction  to  bring  it  to  the  ground,  in  the 
same  space  of  time,  that  a  body  consisting  of  only  100  particles  does.     If 
you  draw  towards  you  two  bodies,  the  one  of  100,  the  other  of  lOOOlbs. 
weight,  will    you   not  be  obliged  to  exert  ten   times  as  much  strength 
to   draw  the    heavier  one  to  you  in  the  same   time  that  would  be  re- 
quired for  the  lighter  one  ?   Therefore  if  the  earth  draw  a  body  of  1000  lbs. 
weight  to  it  iu  the  same  space  of  time  that  it  draws  a  body  of  100  lbs., 
it  follows   that  it  does  actually,  as  we  have  stated  it  to  do,  attract  the 
heavier  body  ten  times  more  than  the  lighter  one.     So  that  the  more 
matter  there  is  in  a  body,  the  more  forcibly  it  will  gravitate  ;  the  mure 
force  there  is,  the  more  there  is  for  the  force  to  do.     The  consequence  of 
this  should  be,  that  all  bodies,  whether  light  or  heavy,  being  at  an  equal 
distance  from   the  earth,  should  fall  to  it  in  the  same  time,  or,  in  other 
words,  that  their  velocities  should  be  equal.      But  experience  seems  to 
contradict  this,  for  we  see  bodies  falling  quickly  or  slowly   in  proportion 
as  they  are  heavy  or  light.     We  must  inquire,  therefore,  what  is  the  cause 
which  interferes  with  the  regular  action  of  gravity  on  bodies,  and  makes 
them  fall  with  such  various  degrees  of  veluclty.     This  cause  is  the  resist- 
ance of  the  air  through  which  bodies  full.     They  must  force  their  way 
through  this  medium ;  and  heavy  bodies  overcome  this  obstacle  more 
easily  than  lighter  ones,  for  the  resistance  which  the  air  opposes  to  the  fall 
of  bodies  is  proportioned  to  their  bulk,  not  to  their  weight ;  the  air,  being 
inert,  cannot  do  more  to  support  the  weight  of  a  cannon  ball  than  that 
of  a  ball  of  leather  of  the  same  size ;   now  as  the  cannon  ball  contains 
perhaps  100  times  more  matter  than  the  leather  ball,  it  would  require  100 
times  more  resistance  to  impede  its  fall  equally.     The  larger  the  surface 
of  a  body  the  more  air  it  covers  and  the  greater  is  the  resistance  it  meets 
with  from  it.     A  sheet  of  paper  expanded  descends  gently  to  the  ground. 
If  rolled  up  in  a  bull  it  offers  but  a  small  surface  to  the  air,  encounters  but 
little  resistance,  and  falls  with  much  greater  velocity.    The  heaviest  bodies 
may  be  made  to  float  awhile  in  the  air  by  extending  their  surface  so  as  to 
counterbalance  their  weight ;  gold  is  one  of  the  most  dense  bodies  we 
know ;  but  when  beaten  into  a  very  thin  leaf  it  offers  so  great  an  extent  of 
burface  in  proportion  to  its  weight  that  its  fall  is  still  more  slow  than  that 
of  a  sheet  of  paper.     When  bodies  have  but  little  bulk  in  proportion  to  their 
weight,  the  resistance  of  the  air  has  but  a  very  trifling  effect ;  and  stones 
of  different  sizes  let  fall  from  the  top  of  a  house  will  reach  the  ground 
very  nearly  at  the  same  time. 

The  air  itself  is  also  subjected  to  the  law  of  gravity,  the  lower  stratum  is 
actually  in  contact  with  the  earth,  and  the  superior  strata  are  supported  by  ■ 
it,  just  as  water  at  the  bottom  of  a  basin  supports  that  which  is  at  the 
surface.  But  the  air  is  an  elastic  fluid,  the  peculiar  property  of  which  is, 
to  resume,  af\er  compression,  its  original  dimensions ;  and  the  air  of  the 
atmosphere  must  be  considered  as  constantly  in  a  state  of  compression, 
from  the  attraction  of  the  earth ;  it  has  therefore  a  constant  tendency  to 
expand  itself,  and  this  is  called  the  spring  or  elasticity  of  the  air.    This 


Viii  INTRODUCTION  TO  MECHANICS, 

compression  is  increased  in  the  lower  strata  of  air  by  the  weight  of  tlie 
upper  strata,  which  rests  upon  them,  and  thus  the  air  near  the  surface 
of  the  earth  is  more  dense  than  in  the  superior  regions.  The  pressure 
of  the  atmosphere  has  been  compared  to  that  of  a  pile  of  fleeces  of  wool, 
in  which  the  lower  fleeces  are  pressed  together  by  the  weight  of  those 
above  ;  these  lie  light  and  loose  in  proportion  as  they  approach  the  up- 
permost fleece,  which  receiving  no  external  pressure  is  confined  merely 
by  the  power  of  its  own  gravity. 

There  are  some  bodies  which  do  not  appear  to  gravitate :  smoke  and 
steam,  for  instance,  rise  instead  of  fulling,  but  it  is  still  gravity  which 
produces  their  ascent.  The  air  near  the  earth  being  heavier  than  smoke, 
«iteam,  or  other  vapours,  not  only  supports  these  light  bodies,  but,  by  its 
own  tendency  to  sink  below  them,  forces  them  to  rise.  The  principle 
is  just  the  same  as  that  by  which  a  cork,  or  a  drop  of  oil,  if  forced  to  the 
buttom  of  a  vessel  of  water,  rises  to  the  top  as  soon  as  it  is  set  at  liberty : 
the  only  difference  being,  that,  in  the  case  of  the  atmosphere,  the  weight 
or  density  continually  diminishes  ;  and  the  ascending  body  therefore  does 
not  rise  through  the  whole  extent  of  the  atmosphere,  but  only  till  it  reaches 
u  stratum  of  which  the  weight  is  equal  to  its  own ;  and  there,  if  no  other 
changes  take  place,  it  remains  stationary.  Smoke  ascends  but  a  very  little 
way  ;  it  consists  of  minute  particles  of  fuel  carried  up  by  a  current  ot 
healed  air  from  the  fire  below.  Heat  expands  all  bodies ;  it  consequently 
rarefies  air,  and  renders  it  lighter  than  the  colder  air  of  the  atmosphere  ; 
Uie  heated  air  from  the  fire  carries  up  with  it  vapour  and  small  particles 
of  the  combustible  materials  which  are  burning  in  the  fire.  When  this 
current  of  hot  air  is  cooled  by  mixing  with  that  of  the  atmosphere,  the 
minute  particles  of  coal  or  other  combustible  fall,  and  it  is  this  which 
produces  the  small  black  flakes  which  render  the  air  and  everything  in 
contact  with  it,  in  London,  so  dirty. 

Balloons  ascend  upon  the  same  principle,  the  materials  of  which  they 
are  made  are  heavier  than  the  air  ;  but  the  air  with  which  they  are  filled 
is  an  clastic  fluid  of  a  different  nature  from  the  atmospheric  air,  and  con- 
siderably lighter  ;  so  that,  on  the  whole,  the  balloon  is  lighter  than  the  air 
which  it  displaces^  and  will  consequently  rise.  Thus  you  see  that  it  is 
the  resistance  of  the  air  alone  which  prevents  bodies  of  different  weight 
from  falling  with  equal  velocities.  Those  which  are  lighter  than  the  air 
are  forced  by  it  to  ascend  ;  those  of  an  equal  weight  will  remain  stationary 
in  it,  and  those  that  are  heavier  will  descend  through  it,  and  their  descent 
will  be  more  or  less  retarded  according  to  their  weight.  If  you  let  fall  a 
crown  piece  and  a  piece  of  writing  paper  of  exactly  the  same  dimensions, 
the  crown  piece  will  reach  the  ground  much  sooner  than  the  paper,  but  if 
you  place  the  paper  upon  it  so  closely  that  no  air  shall  intervene,  the 
paper  will  fall  as  rapidly  as  the  crown  piece.  That  bodies  when  not 
supported  by  the  atmosphere  fall  with  equal  velocities  may  be  proved  by 
the  air-pump,  a  machine  by  means  of  which  the  air  may  be  expelled  from 
any  close  vessel  placed  upon  it.  Glasses  of  various  shapes,  culled  re- 
ceivers, are  employed  for  this  purpose,  and  bodies  of  whatever  size  or 
weight  placed  within  them  will  full  from  the  top  to  the  bottom  in  the  same 
space  of  time.  The  experiment  is  usually  made  with  a  guinea  and  a 
feather:  they  are  placed  on  a  brass  plate  in  the  upper  end  of  the  glass, 
and  as  soon  as  the  air  is  pum])ed  out,  by  turning  a  screw  the  brass  plate 
is  inclined,  and  the  two  bodies  fall  at  the  same  moment,  and  reach  the 
ground  at  tlic  same  moment. 
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Sbction  II. — On  the  Laws  of  Motion^  and  the  Centre  of  Gravity. 

The  science  of  mechanics  is  founded  on  the  laws  of  motion;  it  wiii 
therefore  be  n^ssary  to  explain  these  laws  before  we  examine  the  me- 
chanical powers.  Motion  consists  in  a  change  of  place.  A  body  is  in 
motion  whenever  it  is  changing  its  situation  with  regard  to  a  fixed  point. 
Now  having  observed  that  one  of  the  general  properties  of  bodies  is 
inertia,  that  is,  an  entire  passiveness  either  with  regard  to  motion  or  rest, 
it  follows  that  a  body  cannot  move  without  being  put  into  motion  :  the 
power  which  puts  a  body  into  motion  is  called  force;  thus  the  stroke  oi 
the  hammer  is  the  force  which  drives  the  nail ;  the  pulling  of  the  horse, 
that  which  draws  the  carriage.  Gravitation  is  the  force  wliich  occasions 
the  fall  of  bodies,  cohesion  that  which  binds  the  particles  of  bodies 
together,  and  heat  a  force  which  drives  them  asunder.  The  motion  ot 
a  body  acted  upon  by  a  single  force  is  always  in  a  straight  line,  in  the 
direction  in  which  it  received  the  impulse. 

The  rate  at  which  a  body  moves,  or  the  length  of  time  which  it  takes 
to  move  from  one  place  to  another,  is  called  its  velocity ;  and  it  is  one 
of  the  laws  of  motion  that  the  velocity  of  the  moving  body  is  proportional 
to  the  force  by  which  it  is  put  in  motion.  The  velocity  of  a  body  is  called 
absolute,  if  we  consider  the  motion  of  the  body  in  space,  without  any 
reference  to  that  of  other  bodies.  When,  for  instance,  a  horse  goes  fifty 
miles  in  ten  hours,  his  velocity  is  five  miles  an  hour.  It  is  termed 
relative,  when  compared  with  that  of  another  body  which  is  itself  in 
motion.  Thus  a  man  sailing  in  a  ship  may  remain  at  rest  relatively  to 
the  vessel,  though  he  partakes  of  its  absolute  motion  ;  but  if  he  walk  the 
deck  in  the  same  direction  as  that  in  which  the  ship  is  sailing,  his 
absolute  motion  will  be  increased  by  the  rate  at  which  he  moves  along  it, 
and  his  relative  motion  will  be  the  difference  between  his  own  absolute 
motion  and  that  of  the  ship.  So  if  two  carriages  go  along  the  same  road 
in  the  same  direction,  their  relative  velocity  will  be  the  difference  of  their 
absolute  velocities ;  if  in  opposite  directions,  the  same.  If  they  start 
from  the  same  point  along  two  roads,  making  an  angle  with  each  other, 
their  relative  motion  will  be  measured  by  their  distance,  in  a  straight 
line,  from  each  other  afler  a  given  time,  and  the  direction  of  this  relative 
motion  will  be  the  direction  of  that  line.  The  absolute  velocity  of  a  body 
is  measured  by  the  space  over  which  it  moves,  in  some  particular  time, 
selected  as  the  standard  ;  the  velocity  per  hour,  for  instance,  would  be 
shewn  by  dividing  the  number  of  miles  travelled  over  by  the  number  of 
hours  occupied  in  the  journey.  Thus,  if  you  travel  one  hundred  miles 
in  twenty  hours,  and  wish  to  know  what  is  your  velocity,  you  divide  100 
by  20,  and  the  answer  will  be  5  miles  an  hour.  We  say,  also,  that  space 
is  equal  to  the  velocity  multiplied  by  the  time  ;  if  your  velocity  be  three 
miles  an  hour,  and  you  travel  six  hours,  you  will  have  gone,  in  all,  a 
space  of  eighteen  miles. 

Uniform  motion  is  that  of  a  body  which  passes  over  equal  spaces  in 
equal  times.  It  is  produced  by  a  force  having  acted  on  a  body  once, 
and  having  ceased  to  act,  such  as  the  stroke  of  a  bat  on  a  cricket-ball. 
But  it  may  be  said,  that  the  motion  of  a  cricket-ball  is  not  uniform,  its 
velocity  gradually  diminishing  till  it  falls  to  the  ground.  In  answer  to 
this  objection,  you  must  observe  that  the  ball  is  inert,  having  no  more 
power  to  stop  than  to  put  itself  in  motion  ;  if  it  fall,  therefore,  it  must  be 
stopped  by  some  force  superior  to  that  by  which  it  was  projected  ;  and 
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this  force  is  gravity,  which  counteracts  and  finally  overcomes  that  of 
projection.  If  neither  gravity  nor  any  other  force  (such  as  the  resistance 
of  the  air  or  the  friction  of  the  ground)  opposed  its  motion,  the  cricketr 
ball,  or  even  a  stone  thrown  by  the  hand,  would  proceed  onwards  in  a 
right  line,  and  with  an  uniform  velocity  for  ever  I  Yet  we  have  no  ex- 
ample of  perpetual  motion  on  the  surface  of  the  earth ;  because  the 
causes  referred  to  ultimately  destroy  all  motion,  whether  produced  by 
natural  or  artificial  means. 

When  we  study  the  celestial  bodies,  we  find  that  nature  abounds  with 
examples  of  perpetual  motion,  and  that  it  conduces  as  much  to  the 
harmony  of  the  system  of  the  universe,  as  the  prevalence  of  it  would  to 
the  destruction  of  all  stability  on  the  surface  of  the  globe.  Providence 
has  therefore  ordained  insurmountable  obstacles  to  perpetual  motion  here 
below  3  and  though  these  obstacles  oflen  compel  us  to  contend  with 
great  difficulties,  yet  the  general  result  is  that  order,  regularity  and 
repose^  so  essential  to  the  preservation  of  the  various  beings  of  which  this 
world  is  composed. 

Retarded  motion  is  produced  by  some  force  acting  on  a  body  in  a 
direction  opposed  to  that  which  first  put  it  in  motion^  and  thus  gradually 
diminishing  its  velocity. 

Accelerated  motion  is  produced  when  the  force  which  put  a  bod;  in 
motion  continues  to  act  upon  it  during  its  motion,  so  that  its  velocity 
is  continually  increased.  Let  us  suppose,  that  the  instant  after  a  stone 
is  let  fall  from  a  high  tower  the  force  of  gravity  were  annihilated :  the 
stone  would  nevertheless  descend,  for  a  body,  having  once  received  an 
impulse,  will  not  stop  (unless  some  obstacle  impede  its  course),  but  move 
on  with  a  uniform  velocity.  If,  then,  the  force  of  gravity  be  not  de- 
stroyed after  having  given  the  first  impulse  to  the  stone,  but  continues  to 
act  on  it  during  the  whole  of  its  descent,  it  is  easy  to  understand  that  its 
motion  will  be  thereby  accelerated.  Let  us  suppose  that  the  impulse 
given  by  gravity  to  the  stone  during  the  first  instant  of  its  descent  be 
equal  to  one ;  the  next  instant  we  shall  find  that  an  additional  impulse 
gives  the  stone  an  additional  velocity  equal  to  one ;  so  that  the  accu- 
mulated velocity  is  now  equal  to  two  ;  the  following  instant  anotlier 
impulse  increases  the  velocity  to  three,  and  so  on  till  the  stone  reaches 
the  ground.  The  spaces  described  in  a  given  time  follow  a  law  slightly 
different ;  for  it  has  been  ascertained,  both  by  experiment  and  calculations, 
that  heavy  bodies  descending  from  a  height  by  the  force  of  gravity,  fall 
sixteen  feet  in  the  first  second  of  time,  three  times  that  distance  in  the 
next,  five  times  in  the  third  second,  seven  times  in  the  fourth,  and  so  on, 
regularly  increasing  both  their  velocities  and  the  spaces  described  ac- 
cording to  the  number  of  seconds  during  which  the  body  has  been  falling. 
Thus  the  height  of  a  building  or  the  depth  of  a  well  may  be  measur^ 
by  observing  the  length  of  time  which  a  stone  takes  in  fulling  from  the 
top  to  the  bottom. 

If  a  stone  be  thrown  perpendicularly  upwards,  it  is  the  same  length 
of  time  ascending  that  it  is  descending.  In  the  first  case  the  velocity 
is  diminished  by  the  force  of  gravity,  in  descending  it  is  accelerated  by  it. 
The  force  of  projection  given  to  a  body  in  throwing  it  upwards  is  equal 
to  the  force  with  which  it  strikes  the  ground  when  it  descends  again,  and 
this  latter  force  is  the  effect  produced  by  gravity  during  the  time  of  its  fall. 
If  a  stone  be  thrown  upwards  gently  it  will  not  rise  high,  and  gravity  will 
Boon  make  it  descend  ;  if  thrown  with  violence,  it  will  rise  higher,  and 
gravity  will  be  longer  in  bringing  it  back  to  the  ground.    Suppose  that 
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it  be  thrown  with  a  force  which  will  make  it  rise  only  sixteen  feet,  in 
that  case  it  will  fail  in  one  second  of  time.  Now  it  is  proved  by  expe- 
riment, that  an  impulse  requisite  to  project  a  body  sixteen  feet  upwards^ 
will  make  it  ascend  that  height  in  one  second ;  here  then  the  times  of 
the  ascent  and  descent  are  equal.  But  supposing^  it  be  required  to  throw 
a  stone  twice  that  height,  the  force  must  be  greater.  Thus  the  impulse 
of  projection  in  throwing  a  body  upwards,  is  equal  to  the  accumulated 
effect  produced  by  gravity  during  its  descent ;  and  it  is  the  greater  or 
less  distance  to  which  the  budy  rises,  that  makes  these  balance  each 
other,  for  it  gives  more  time  for  the  force  of  gravitation  to  act. 

We  must  now  explain  to  you  what  is  meant  by  the  momentum  of  bodies. 
It  is  the  force,  or  power,  with  which  a  body  in  motion  would  strike  against 
another  body,  so  as  to  set  the  latter  in  motion.  The  momentum  of  a 
body  is  composed  of  its  weight,  multiplied  by  its  velocity.  The  quicker 
a  body  moves,  the  greater  will  be  the  force  with  which  it  will  strike 
against  another  body ;  so  that  a  small  light  body  may  have  a  greater 
momentum  than  a  large  heavy  one,  provided  its  velocity  be  sufficiently 
great.  For  instance,  the  momentum  of  an  arrow  shot  from  a  bow  is 
greater  than  that  of  a  stone  thrown  by  the  hand.  We  know  also  by 
experience,  that  the  lieavier  a  body  is,  the  greater  is  its  force,  if  it  acts 
in  other  respects  under  the  same  circumstances,  therefore  the  whole 
j)ower  or  momentum  of  a  body  is  composed  of  these  two  properties. 
Diit  why  should  not  these  be  added  together,  instead  of  being  multiplied 
by  one  another?  It  is  found  by  experiment,  that  if  the  weight  of 
a  body  be  represented  by  the  number  3,  and  its  velocity  also  by 
3,  its  momentum  will  be  as  9 ;  not  6,  as  would  be  the  case  were 
these  figures  added,  instead  of  being  multiplied  together.  The  same 
conclusion  may  very  easily  be  deduced  by  reasoning.  If  two  bodies, 
one  of  one  pound  weight,  the  other  of  two,  have  the  same  velocity, 
the  moving  force  of  the  second,  or  its  momentum,  is  double  that  of  the 
first.  If  a  third  body,  also  of  two  pounds,  move  with  three  times  the 
velocity  of  the  second,  its  momentum,  the  weights  being  in  this  case 
equal,  is  three  times  that  of  the  second.  But  the  momentum  of  the 
second  is  twice  that  of  the  first;  therefore  the  momentum  of  the  third  is 
three  times  this  quantity,  or  six  times  that  of  the  first.  By  thus  dividing 
the  process,  and  looking  first  to  the  effect  of  u  change  of  the  velocity, 
and  afterwards  to  that  of  the  change  of  the  weight,  it  becomes  evident  that 
these  effects  are  to  be  multiplied  together. 

The  re-action  of  bodies  is  the  next  law  of  motion  to  be  explained. 
When  a  body  in  motion  strikes  against  another  body  it  meets  with  resist- 
ance ;  the  resistance  of  the  body  at  rest  will  be  equal  to  the  blow  struck 
by  the  body  in  motion  ;  or,  in  philosophical  language,  action  and  re-action 
will  be  equal,  and  in  opposite  directions. 

The  most  strikingexperiments  on  these  subjects  are  made  with  elastic  bo- 
dies. Elasticity  is  a  property,  by  means  of  which  bodies  that  are  compressed 
return  to  their  former  stale.  If  you  bend  a  cane,  as  soon'as  it  is  at  liberty 
it  recovers  its  former  position  ;  if  you  press  your  finger  upon  your  arm, 
as  soon  as  you  remove  it,  the  flesh,  by  virtue  of  its  elasticity,  rises  and 
destroys  the  impression.  Of  all  bodies,  those  in  the  form  of  air  or  gas 
are  the  most  eminent  for  this  property.  Hard  bodies  are  in  the  next 
degree  elastic:  if  two  ivory  or  metallic  balls  be  struck  together,  the 
parts  at  which  they  touch  will  be  flattened^  but  no  mark  is  perceptible, 
their  elasticity  instantly  destroying  all  trace  of  it.  If,  however,  a  very 
small  spot  of  ink  be  placed  on  one  of  the  balls  at  the  point  of  contact. 
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it  nill  be  found  after  the  contact  to  have  sprcBil,  and  will  thus  shew  that 
there  has  been  compression.  Suft  bodies,  which  racily  retain  imprcs- 
aions,  such  aa  clay,  wax,  tallow,  butter,  &c.  have  very  little  elasticity. 

The  cause  of  elasticity  is  not  well  ascertained.  Elasticity  implies  sus- 
ceptibility of  compression,  and  the  susceptibility  of  compression  depends 
npon  the  porosity  of  bodies ;  for  were  there  no  pores  or  spaces  between 
the  particles  of  matter  of  which  n  body  ia  composed,  it  could  not  be  com- 
pressed. But  you  must  not  hence  infer,  that  bodies  whose  pnrlicles  are 
moat  distant  from  each  other  are  most  elastic.  Elasticity  implies  not 
only  suscepliliility  of  compression,  but  the  power  of  resuming  its  former 
Btate  after  compression.  The  pores  of  such  bodies  as  ivory  and  metals 
are  invisible  to  the  naked  eye  ;  but  it  in  well  ascertained,  that  gold,  one  of 
(he  most  dense  of  all  bodies,  is  cxtreniely  porous,  and  ihsl  its  pores  are 
sulhcieutly  lar^e  to  admit  water,  under  great  pressure,  to  pass  through 
them.  In  curk,  sponge,  and  bread,  the  pores  form  considerable  caviUes; 
in  wood  and  many  kinds  of  stone,  when  not  polished,  they  are  perceptible  to 
the  naked  eye ;  whilst  in  ivory,  metals,  and  most  varnished  and  polished 
bodies,  they  cannot  be  discerned.  Tu  give  nn  idea  of  the  extreme 
porosity  of  bodies,  Sir  Isaac  Newton  conjectured  that  if  the  earth  were  so 
compressed  as  to  be  absolutely  without  pores,  its  dimensions  might  pos- 
sit%  not  be  more  than  «  cubic  inch. 

The  elasticity  of  ivory  is  very  perfect;  that  ia  to  say,  it  restores  itself,  after 
compression,  with  a  force  very  nearly  equal  to  that  exerted  in  comprcssiiigil. 
Iflwu  ivory  balls  of  equal  weight  be  suspended  by  threads  (Jig.  1).  ""'I  "">-' 
of  them  A  be  drawn  a  little  on  one  side  and  then  let  go,  it  will  strike  ucrninNt 
the  other  bull  B,  and  drive  it  off  to  a  distance  equal  to  that  through  which  the 
Fig.  1.  Fig.  2.  Hg.  3. 


first  ball  fell;  but  the  motion  of  A  will  be  stopped,  because,  when  it  slrikes 
B,  it  receives  in  return  a  blow  equal  to  that  it  gave,  and  its  motion  is  con- 
sequently destroyed.  Therefore,  when  one  body  strikes  against  another^ 
the  quantity  of  motion  communicated  lo  the  second  body  is  lost  by  the 
first,  but  this  loss  proceed; — not  from  the  blow  given  by  the  striking 
body, — but  from  the  re-aclion  of  the  body  which  it  struck. 

If  six  ivory  balls  of  equal  weight  be  hung  in  a  row  (^g.  2),  and  the  first 
be  drawn  out  of  the  perpendicular,  and  let  fall  Dguinst  the  second,  none  of 
the  balls  will  appear  lo  move  except  the  lust,  which  will  fly  off  as  fur  as  the 
first  boll  fell.  For  when  the  first  ball  strikes  the  eccoikI,  it  receives  a  blow  in 
return,  which  destroys  its  motion.  The  second  ball,  nllhougli  it  does  not 
appear  to  move,  strikes  against  the  third ;  llie  re-aclion  of  which  sets  it 
at  rest:  Ihu  nclioa  of  the  third  ball  is  destroyed  by  tlie  re -action  of  the 
fourth,  and  so  on,  till  motion  is  communicated  lo  the  last  ball,  which,  not 
being  re-acted  upon,  flies  ofF!  This  effect  takes  pluce  accurately  only  in 
the  case  of  prrfeclly  clastic  bodies. 

If  two  balls  of  clay  (^g.  3),  which  are  not  elastic,  be  suspended,  and  one 
of  tliem,  D,  be  raised  out  of  the  perpendicular  ond  let  fall  against  the 
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other  E,  only  part  of  the  motion  ofD,  therefore,  will  be  destroyed  by  it,  and 
the  two  balls  will  move  on  together  to  d  and  «,  which  are  less  distant  from 
the  vertical  line  than  the  ball  D  was  before  it  fell.  Still,  however,  action 
and  re-action  are  equal ;  for  the  action  on  E  is  only  enough  to  make  it 
move  through  a  smaller  space,  but  so  much  of  D's  motion  is  now  also 
destroyed.  If  the  elasticity  of  tlie  balis  be  imperfect,  the  effect  will  be  in- 
termediate between  the  effects  produced  in  the  cases  we  have  mentioned  ; 
that  is  to  say,  the  ball  struck  will  rise  farther  than  in  the  case  of  non-elas- 
tic bodies,  and  less  far  than  in  that  of  perfectly  elastic  bodies ;  and  the 
striking  ball  will  be  retarded  more  thun  in  the  A)rmer  case,  but  not  stopped 
completely,  as  in  the  latter.  They  will  therefore  move  onwards  both  after 
the  blow,  but  not  together,  or  to  the  same  distance ;  but  in  this,  as  in  the 
preceding  cases,  the  whole  quantity  of  motion  destroyed  in  the  striking 
ball  will  be  equal  to  that  produced  in  the  ball  struck. 

Birds,  in  flying,  strike  the  air  with  their  wings,  and  it  is  the  re-action 
of  the  air  which  enables  ihem  to  rise  or  advance  forwards.  The  force 
with  which  their  wings  strike  against  the  air  must  equal  the  weight  of 
their  bodies,  in  order  that  the  re-action  of  the  air  may  be  able  to  support 
that  weight ;  the  bird  will  then  remain  stationary.  If  the  stroke  of  the 
wings  be  greater  than  is  required  merely  to  support  the  bird,  the  re-action 
of  the  air  will  make  it  rise ;  if  it  be  less,  it  will  descend :  the  lark  some- 
times remains  with  its  wings  extended,  but  motionless ;  in  this  state  it 
drops  rapidly  into  its  nest.  A  bird  expands  his  wings  when  he  gives  the 
stroke,  the  re-action  of  which  is  to  impel  him  onward,  and  contracts  them 
when  in  the  opposite  direction.  The  swimming  of  fishes  is  on  the  same 
])rinciple  ;  their  fins  are  expanded  and  contracted  in  a  like  manner ;  and 
u  man  in  swimming  strikes  his  hands  out  to  produce  the  re-action  which 
impels  him  forward,  and  turns  them  edgewise  to  lessen  the  effect  of  the 
contrary  re-action.  In  rowing,  the  oars  arc  liAed  out  of  the  water  aflcr 
every  stroke,  so  as  completely  to  prevent  any  re-action  in  a  backward 
direction ;  and  even  in  moving  them  through  the  air  they  are  turned  edge- 
wise, or  feathered,  as  it  is  called^  from  its  resemblance  to  the  action  of  the 
feathers  of  a  bird  in  flying 

Let  us  now  return  to  the  subject  of  re-action,  on  which  we  have  some 
further  observations  to  make.  It  is  re-action  being  contrary  to  action 
which  produces  reflected  motion.  If  you  throw  a  ball  against  a  wall,  it 
rebounds ;  this  return  of  the  ball  is  owing  to  the  re-action  of  the  wall 
against  which  it  struck,  and  is  called  reflected  motion,  A  ball  fllled  with 
air  rebounds  better  than  one  stutfcd  wilh  bran  or  wool,  for  the  elasticity  of 
the  air  re-acts  after  compression.  If  the  ball  be  thrown  perpendicularly 
against  a  wall  it  returns  straight  towards  the  hand,  though  tlie  action  of 
gravity  draws  it  downwards  before  reaching  it ;  but  if  thrown  obliquely 
upwards,  it  rebounds  still  higher.  We  use  the  term  perpendicular  in  pre- 
ference to  the  more  familiar  word  straight,  because  straight  is  a  general 
term  for  lines  in  all  directions  which  are  neither  curved  nor  bent,  and  is, 
therefore,  equally  applicable  to  oblique  or  perpendicular  lines.  A  perpen- 
dicular line  has  always  a  reference  to  something  towards  which  it  is 
perpendicular;  that  is  to  say,  that  it  inclines  neither  to  the  one  side  nor 
the  other,  but  makes  an  equal  angle  on  either  side. 

Let  the  line  A  B  (^g.  4)  represent  the  floor  of  the  room,  and  the  line 
C  D  that  in  which  you  throw  a  ball  against  it :  the  line  C  D,  you  will 
observe,  forms  two  angles  with  the  line  A  B,  and  those  two  angles  are 
equal.  All  circles  are  supposed  to  be  divided  into  360  equal  parts,  called 
degrees ;  the  opening  of  an  angle  being,  therefore,  a  portion  of  a  circle, 
must  contain  a  certain  number  of  degrees ;  the  larger  the  an^le^  tbta 
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greater  the  number  ofde^ees,  and  two  an^^Ies  are  said  to  be  equal  when 
they  contain  an  equal  number  of  degrees :  the  two  angles  (ADC  and 
C  D  B,  fig,  4)  are  together  just  equal  to  half  a  circle  ;  they  contain,  there- 
fore, 90  degrees  each  :  90  being  a  quarter  of  360.  An  angle  of  90  degrees 
is  culled  a  right  angle,  and  when  one  line  is  perpendicular  to  another,  it 
forms  a  right  angle  on  either  side.  Angles  containing  more  than  90 
degrees  are  called  obtuse  angles  {fig,  5)  ;  and  those  containing  less  than 
90  degrees  are  called  acute  angles  ifig,  6).     Thus  the  angles  of  a  square 


Fig.  6. 


Fiff.  5. 


Fig.  7. 


table   arc   right-angles,  those  of  an   octagon  table  obtuse  angles,   and 

those  of  sharp  pointed  instruments,  acute  angles. 

When   a   billiard  player  strikes  the  ball  perpendicularly  against  the 

cushion,  it  returns  in  the  same  direction  ; 
but  when  he  sends  it  obliquely  to  the  cushion 
it  rebounds  obliquely  on  the  opposite  side; 
the  ball  in  this  latter  case  describes  an 
angle,  the  point  of  which  is  at  the  cushion. 
The  more  obliquely  the  ball  be  struck  against 
the  cushion,  the  more  obliquely  it  will  re- 
bound on  the  opposite  side,  so  that  a  billiard 
player  can  calculate  with  great  accuracy  in  what 
direction  it  will  return.  Fig.  7  represents  a 
billiard  table  :  if  a  line  AB  be  drawn  perpen- 
dicular to  the  cushion  from  the  point  where 
the  ball  A  strikes,  it  will  divide  the  angle 
which  the  ball  describes  into  two  parts,  or  two 
angles ;  the  one  will  show  the  obliquity  of  the 
direction  of  the  ball  in  its  passage  towards  the 
cushion,  the  other  its  obliquity  in  its  passage 
back  from  the  cushion.    The  first  is  called  the 
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ans^le  of  incidence,  the  other  the  angle  of  reflection^  and  these  angles  arc, 
if  the  bodies  be  perfectly  elastic,  equal. 

We  shall  now  explain  the  nature  of  compound  motion.  If  a  body  l>e 
struck  by  two  equal  forces,  in  opposite  directions,  it  will  not  move.  But 
if  the  forces,  instead  of  acting  on  the  body  in  opposition,  strike  it  in  two 
directions  inclined  to  each  other,  at  an  angle  of  90  degrees,  if  the  ball 
A  ifiS'  8)  be  struck  by  equal  forces  at  X  and  at  Y,  the  force  X 
would  send  it  towards  B,  and  the  force  Y  towards  C ;  and  since  these 
forces  are  equal,  the  body  cannot  obey  one  impulse  rather  than  the  other. 
Yet  as  they  are  not  in  direct  opposition,  they  cannot  entirely  destroy 
the  effect  of  each  other ;  the  body  will  therefore  move,  but,  following  the 
direction  of  neither,  it  will  move  in  a  line  between  them,  and  reach  D  in  the 
same  space  of  time  that  the  force  X  would  have  sent  it  to  B,  and  the  force  Y 
would  have  sent  it  to  C.  Now^  if  two  lines  be  drawn  from  D  to  join  B  and 
C,  a  square  will  be  produced,  and  the  oblique  line  which  the  body  describes 
is  called  the  diagonal  of  the  square.  Supposing  the  two  forces  to  be 
unequal,  that  X,  for  instance,  be  twice  as  great  as  Y  ;  then  X  will  drive 
the  ball  twice  as  far  as  Y,  consequently  the  line  A  B    (Jig.  9)  will  be 
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twice  as  long  as  the  line  A  C ;  the  body  will  in  this  case  move  to  D  ; 
and  if  lines  be  drawn  from  that  point  to  B  and  C,  you  will  find  that 
the  ball  will  have  moved  in  the  diagonal  of  a  rectangle.  Let  us  now 
suppose  the  two  forces  to  be  unequal,  and  not  to  act  on  the  ball  in 
the  direction  of  a  right  angle,  but  in  that  of  an  acute  angle.  The  ball 
will  move  from  A  to  D  (Jig.  10),  in  the  diagonal  of  a  parallelogram, 
A  B  D  C.  Forces  acting  in  the  direction  of  lines  forming  an  obtuse  angle 
will  also  produce  motion  in  the  diagonal  of  a  parallelogram.  For  in- 
stance, if  the  body  set  out  from  B  instead  of  A,  and  was  impelled  by 
the  forces  .r  and  y,  it  would  move  in  the  dotted  diagonal  B  C. 

We  shall  now  proceed  to  circular  motion :  this  is  the  result  of  the  action 
of  two  forces  on  a  body,  by  one  of  which  it  is  projected  forward  in  a  right 
line,  whilst  by  the  other  it  is  continually  directed  towards  a  fixed  point. 
For  instance,  if  I  whirl  a  ball  fastened  to  my  hand  with  a  string,  the 
ball  will  have  a  circular  motion,  because  it  is  acted  on  by  two  forces, 
that  I  give  it,  which  represents  the  force  of  projection,  and  that  of  the 
string,  which  confines  it  to  my  hand.  If  during  its  motion  I  were 
suddenly  to  cut  the  string,  the  ball  would  fly  off*  in  a  straight  line ; 
being  released  from  confinement  to  the  fixed  point,  it  would  be  acted  ou 
but  by  one  force,  and  motion  produced  by  one  force  is  always  in  a  right 
line.  When  a  mop  is  trundled  the  threads  fly  from  the  centre  ,  but 
being  confined  to  it  at  one  end,  they  cannot  part  from  it;  whilst  the 
•water  they  contain  is  thrown  off"  in  straight  lines.  In  the  same  way,  the 
flyers  of  a  windmill,  when  put  in  motion  by  the  wind,  would  be  driven 
■Uraight  forward  in  a  right  line,  were  they  not  confined  to  a  flxed  poiuti 
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round  which  they  are  cnntpelled  to  move.  The  point  to  which  the 
motion  or  a  small  body,  such  as  the  ball  with  the  string,  is  confined, 
becomes  the  centre  of  ita  motion ;  for  it  may  be  considered  as  moiin^  in 
the  same  plane  or  flat  surface.  But  when  a  body  is  not  of  a  site  or 
shape  to  allow  of  our  considering  every  part  of  it  as  moving  in  the 
same  plane,  it  revolves  round  a  line,  which  is  called  the  axu  of  motion. 
In  a  top,  for  instance,  when  spinning  on  its  point,  the  axis  is  the  liuc 
whicli  passes  through  the  middle  of  it,  perpendicularly  to  the  floor. 
The  axle  of  the  flyern  of  the  windmill  is  the  aiis  of  its  motion.  The 
centre  of  motion  is  not  always  in  the  middle  of  a  body. 

The  middle  point  of  a  body  is  called  its  centre  of  magnitude,  that  is, 
the  centre  of  its  mass  or  bulk.  Bodies  have  also  another  centre,  calle<l 
the  centre  of  ^avity,  which  shall  be  explained ;  but,  at  present,  we 
must  confine  ourselves  [o  the  axis  of  motion.  This  line  remains  at  rest, 
whilst  all  (he  other  parts  of  the  body  move  around  it;  when  a  top  is 
spun,  the  axis  is  stationary,  nliilst  every  other  part  is  in  motion  round  it. 
A  top,  it  is  true,  lias  also  generally  a  motion  forwards,  besides  its 
spinning  motion  ;  and  then  no  point  within  it  can  be  at  rest.  But  what  is 
said  of  the  axis  of  motion  relates  only  to  circular  motion  ;  that  is,  to  motion 
round  a  line,  and  not  to  that  which  a  body  may  have  at  the  same  time 
ill  any  other  direction. 

There  is  one  circumstance  in  circular  motion,  which  must  be  carefully 
J7|0,  ]  1,  attended  to ;  it  is,  that  the  further  any 

part  of  a  body  is  from  the  axis  of  mo- 
tion, the  greater  is  its  velocity :  as  you 
approach  that  line,  the  velocity  of  the 
parts  gradually  diminishes  till  you  reach 
the  axis  of  motion,  which  ia  perfectly  at 
resL  The  extremities  of  the  vanes  of  a 
windmill  move  over  a  much  greater 
space  than  the  parts  nearest  the  axis 
of  motion  (^g.  II),  The  three  dotte<l 
circles  describe  tlie  paths  in  which  three 
different  parts  of  the  vanen  move,  and 
though  the  circles  areof  diSerent  dimen- 
sions, the  vanes  describe  each  of  them 
in  the  same  space  of  time. 
The  force  which  confines  a  body  to  a  centre,  rounil  which  it  moves, 
is  culled  the  cenlripelal  force ;  and  the  force  which  impels  a  body 
lo  fly  from  the  centre,  is  called  the  centrifugal  force :  in  circular 
motion,  these  two  forces  balance  each  other;  otherwise  the  revolv- 
ing body  would  either  nppronch  the  centre  or  recede  from  it,  ac- 
cording as  the  one  or  the  other  prevailed.  And  should  any  cause 
destroy  the  centripetal  force,  tlie  centrifugBl  force  would  impel  the  body 
fi>  \2.  '"  ^y  °^  *''''"'  "'*  centre.     It  would   not, 

■  '  however,   fly  off  in    a  right  line    from  the 

centre;  but  in  a  right  line  in  the  direction 
in  which  it  was  moving  at  the  instant  of 
its  release:  if  a  stone,  whirled  round  in  a 
slin^',  gets  loose  at  the  point  A  {fig.  12),  it 
flies  off  in  the  direction  A  B :  this  line  is 
called  a  tangent;  it  touches  the  circumfe* 
rence  of  the  circle,  and  forms  a  right  angle 
with  a  line  drawn  from   that  point  of  the 
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ctrcumrerence  to  the  centre  of  the  circle  C.  This  force  would,  there- 
fore, with  more  propriety  be  called  the  tangential  than  the  centrifugal 
force,  or  rather,  the  inertia  of  the  body  which  inclines  it  to  move  in 
the  direction  of  the  tangent  is  the  tangential  force.  But  motion  in 
the  direction  of  the  tangent  would  remove  the  body  farther  from  the 
centre ;  a  tendency,  therefore,  to  such  motion  is  a  tendency  to  leave 
the  centre,  and  that  part  of  its  force  which  tends  to  produce  motion  thus 
away  from  the  centre  is  culled  the  centrifugal  force. 

If  a  ball  be  thrown  in  an  horizontal  direction,  it  is  acted  upon  by  no 
'ess  than  three  forces :  the  force  of  projection  first  given  to  it ;  the 
resistance  of  the  air  through  which  it  passes;  and  the  force  of  gravity, 
which  finally  brings  it  to  the  ground.  (Gravity  and  the  resistance  of  the 
air  act  continually ;  and  as  the  whole  cflbct  produced  by  them  is  always 
so  great  as  to  overpower  any  force  of  projection  we  can  communicate 
to  a  body,  the  latter  is  gradually  overcome,  and  the  body  brought  to  the 
g'round ;  but  the  stronger  the  projectile  force,  the  longer  will  these  powers 
be  in  subduing  it.  A  shot  fired  from  a  cannon,  for  instance,  will  go 
much  further  than  a  ball  thrown  by  the  hand.  Bodies  thus  projected 
describe  a  curve  line  in  their  descent.  If  the  forces  of  projection  and  of 
gravity  both  produced  uniform  motion,  the  ball  would  move  in  the 
diagonal  of  a  parallelogram,  but  the  motion  ])roduced  by  the  force  of  pro- 
jection alone  is  uniform,  that  produced  by  gravity  is  accelerated ;  and  it  is 
this  acceleration  which  brings  the  ball  sooner  to  the  ground,  and  makes  it 
fall  in  a  curve  instead  of  a  straight  line  (i^ee  Jig.  13).  If  a  ball  at 
A  be  projected,  in  a  horizontal  direction,  with  a  tbrce  capable  of  carrying 
it  to  F  (which  we  will  suppose  to  be  100  feel)  in  a  second,  then,  if  it  were 
not  acted  upon  by  gravity,  it  would  proceed  from  F  to  G,  another  100 
feet,  in  the  next  second,  and  the  same  distance  G  II  in  a  third,  and  II  I 
in  a  fourth  second.  Now,  if  the  ball,  when  at  A,  be  allowed  to  fall,  by 
the  force  of  gravity  alone,  from  A  towards  E,  it  will  fall  16  feet  to  B 
during  the  first  second  *  ;  then  three  times  as  much,  or  48  feet  the  next 
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second ;  and  five  times  as  much,  or  80 
feet,  in  the  third  second ;  and  seven 
times  as  much,  or  1 12  feet,  in  the  fourth 
second.  Then,  in  order  to  find  the  line 
in  which  the  ball  will  move,  by  the  united 
forces  of  projection  and  gravity,  we  must 
draw  a  line  B  K  parallel  to  the  horizontal 
line  AF,  and  16  feet  below  it;  then 
another  line  C  L,  also  parallel,  at  the  dis- 
tance of  48  feet  more ;  then  another  line, 
D  M,  80  feet  further;  then  another,  EN,  112  feel  further.  Then,  at  the 
end  of  the  first  second  the  ball  will  be  at  K,  at  the  same  distance  from 
B  as  F  is  from  A ;  at  the  end  of  the  next  second  it  will  be  at  L,  the 
same  distance  from  C  that  G  is  from  A  ;  at  the  end  of  the  third  second 
it  will  be  at  M  ;  and  at  the  end  of  the  fourth  second  at  N  ;  and  thus  you 
see  the  curve  line  A  K  L  M  N  is  described  in  its  fall,  instead  of  a  straight 
line,  which  would  l)e  the  case  if  A  B,  B  C,  C  D,  I)  E,  were  all  equal. 

We  have  not  taken  notice  of  the  resistance  of  the  air,  which  much 
complicates  these  results  in  practice.  The  principles  of  its  operation 
may  easily  be  understood  from  the  mode  in  which  the  other  forces  act ; 
but  the  desrree  and  manner  in  which  it  modifies  their  effects  cannot  be 
■hewn  without  much  difficulty  and  intricacy  of  explanation.     It  is,  how- 
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ever,  sufRtiently  plain  that  this  resialance  increases  with  the  velocity  oT 
the  ball,  for  the  panicles  of  air  re-act  on  t)ie  ball  in  proportion  to  the 
stroke  they  receive  from  it ;  bo  that  if  the  furce  of  projectiiin  Le  doubled, 
the  resistance  of  the  air  is  doubled  also :  nor  is  Ihiii  all,  for  in  doubling 
the  velocity  of  the  ball,  it  passes  through  twice  the  quantity  of  air  in  the 
aame  lime,  atid  receives  twice  the  resistance  from  each  particle  ;  the  whole 
of  the  reaistance  must,  therefore,  be  four  limes  as  great  as  in  (he  firEt 
instance.  And  if  the  velocity  of  the  ball  be  tripled,  it  will  pass  through 
three  times  the  quantity  of  air;  will  strike  each  particle  with  Ihree  limes 
the  force,  and  receive  three  times  the  re-actiun;  which  summed  up  will 
make  nine  limes  the  resistance. 

The  shoKest  mode  of  calculutinir  ihe  resislance  is  lo  multiply  the 
velocity  by  itself;  thus,  if  the  velocity  be  three,  multijily  it  by  three,  and 
Ihe  product  will  be  nine.  The  product  of  a  number  multiplied  by  itaelf 
is  called  its  square. 

The  curve-line  which  a  ball  describes,  if  the  resistance  of  the  air  be  not 
taken  into  consideration,  is  called  in  geometry  a  parabola.  But  when  the 
ball  is  thrown  perpendicularly  upwards,  it  wilt  descend  perpendicularly ; 
because  the  force  of  projection,  and  that  of  gravity,  are  iii  (he  same  line 
of  direction. 

We  have  noticed  the  centres  of  magnitude  and  of  motion,  but  we  have 
not  yel  explained  what  is  meant  by  the  centre  of  gravity.  Il  is  (hat  point 
about  which  oil  the  parts  of  a  body  exactly  balance  each  other,  in  every 
position  of  the  body;  if,  therefore,  that  point  is  supported,  the  body  will 
not  full.  Were  any  other  point  of  the  body  alone  eopporled,  the  surroimd- 
ing  parts  no  longer  balancing  each  other,  the  body  would  fall  on  (be  side 
at  which  the  parts  are  heaviest;  therefore,  whenever  the  centre  of  gravity 
is  unsupported,  the  body  most  fall.  This  sometimes  happens  with  an  over- 
loaded waggon  winding  up  a  steep  hill,  one  side  of  the  road  being  more 
elevated  than  the  other :  let  us  suppose  it  to  slope  as  described  in^g.  14. 
We  will  suppose  that  the  centre  of  gravity  of  this  loaded  waggon  is  at  the 
point  A.  Now  the  eye  will  tell  you,  that  a 
waggon  thus  situated  will  overset ;  and  the  reason 
is,  (hat  the  cen(re  of  gravily,  A,  is  not  supported  ; 
for  if  a  perpendicular  line  be  drawn  from  it  lo  the  i 
ground  at  C.  it  does  not  fall  under  the  waggon  [ 
within  (he  wheels,  and  is,  (herefore,  not  supported 
by  Ihem.  A  perpendicular  line  thus  drawn  from 
the  centre  of  gravity  lo  the  earth,  is  called  (he  li 
of  direction.  Let  us  in  imagination  take  off  the 
upper  part  of  Ihe  load ;  the  centre  of  gravity  will 
Uien  change  its  situation,  and  descend  lo  B,  as 
that  will  now  be  the  point  about  which  the  parts  of  the  less  heavily  laden 
waggon  win  balance  each  other  ;  and  the  waggon  will  no  longer  upset, 
for  a  perpendicular  line  from  that  point  will  fall  within  the  wheels  at  D, 
and  be  supported  by  them.  Vou  have  heard  that  it  is  dangerous,  when  a 
boat  is  in  any  risk  of  being  upset,  for  the  passengers  to  rise  suddenly  ; 
this  is  owing  to  their  raising  the  centre  of  gravity,  and  thus  increasing  the 
chance  of  throwing  it  out  of  the  hue  of  direction.  When  a  man  s(anda 
upright,  the  centre  of  gravily  of  his  body  is  supported  by  tlie  feet.  If  he 
lean  on  one  side,  he  will  no  longer  stand  firm.  A  rope-dancer  performs 
all  his  feats  of  agility,  by  deKerously  supporting  his  centre  of  gravity  ; 
whenever  he  finds  himself  in  danger  of  losing  his  balance,  he  shifts  the 
beavjr  pole,  whicb  he  holds  ia  bis  hands,  in  order  to  throw  the  weight 


INTRODUCTION  TO  MECHANICS. 


xfae 


towards  the  side  that  is  deficient ;  and  thus  by  changing  the  sitaation  of 
the  centre  of  gravity,  restores  his  equilibrium. 

A  stick  is  poised  on  the  tip  of  the  finger,  by  supporting  its  centre  of 
gravity,  and  it  is  for  want  of  this  support  that  spherical  bodies  roll  down 
a  slope.  A  sphere  being  perfectly  round,  can  touch  the  slope  but  by  a 
single  point,  and  that  point  is  not  perpendicularly  under  the  centre  of 
gravity,  which  therefore  is  not  supported.  The  centre  of  gravity  in  this 
case  coincides  with  the  centre  of  magnitude,  but  when  one  part  of  the 
body  is  composed  of  heavier  materials  than  another  part,  the  centre  of 
gravity,  being  the  centre  of  the  weight  of  the  body,  will  generally  no  longer 
correspond  with  the  centre  of  magnitude,  though  it  may  accidentally  do  so. 
We  defined  the  centre  of  gravity  to  be  that  point  about  which  all 
the  parts  of  a  body  balance  each  other:  you  must  consider  it  as 
an  abstract  point,  since  there  are  cases  in  which  it  may  be  situated 
at  some  distance  from  the  body.  Such,  for  instance,  is  the  centre 
of  gravity  of  a  ring,  which  is  situated  in  the  centre  of  the  space  which  the 
ring  encircles ;  and  that  point  cannot  be  supported  unless  the  ring  be 
held  so  that  the  line  of  direction  will  fall  within  the  base  of  the  support, 
which  will  be  the  case,  either  if  you  poise  the  ring  on  the  tip  of  your 
Fig.  15.  finger,  or  if  you  suspend  it  by  a  string,  as  in^.  15. 

If  a  body  be  suspended  by  that  point  in  which  the 
centre  of  gravity  is  situated,  it  will  remain  at  rest  in 
any  position  indifferently ;  but  if  it  be  suspended  by 
any  other  point,  it  can  rest  only  fn  the  two  following 
positions : — Either  when  the  centre  of  g^vity  is  either 
exactly  above  or  below  the  point  of  suspension,  so 
that  the  point  of  suspension  shall  be  in  the  line  of 
direction. 
Bodies  having  a  narrow  base  are  easily  upset,  for  if  they  are  the  least 
inclined,  their  centre  is  no  longer  supported,  as  you  may  perceive  in^g.  16. 

A  person  carries  a  single  pail  of  water  with  great 
difficulty,  owing  to  the  centre  of  gravity  being 
thrown  on  one  side,  and  the  opposite  arm  is 
stretched  out  to  endeavour  to  bring  it  back  to  its 
original  situation.  But  two  pails,  one  hanging 
on  each  arm,  are  carried  with  much  gpreater  facility, 
—  because  they  balance  each  other. 
When  two  bodies  are  fastened  together  by  a  line,  string,  chain,  or  any 
power  whatever,  they  are  to  be  considered  as  forming  but  one  body,  f r 
the  two  bodies  be  of  equal  weight,  the  centre  of  gravity  will  be  in  (he 
middle  of  the  line  wliich  unites  them  (^g.  17),  but  if  one  be  heavier 
than  the  other,  the  centre  of  gravity  will  be  proportionably  nearer  the 
heavy  body  than  the  light  one  (fig.  18).     Were  you  to  carry  a  rod  qr 

Fig.  17.  Fig.  18. 
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pole  with  an  equal  weight  fastened  at  each  end  of  it,  you  would  hold  it  iti 
the  middle  of  the  rod,  in  order  that  the  weig^hts  should  balance  each  other ; 
whilst  if  it  had  unequal  weights  at  each  end,  you  would  hold  it  nearest 
the  greater  weight,  in  order  to  make  them  balance  each  other ;  and  if  one 
were  very  considerably  larger  than  the  other,  the  centre  of  gravity  would 
be  thrown  out  of  the  rod  into  the  heaviest  weight  {fig,  19). 


Section  III.— -On  the  Mechanical  Powers. 

We  will  now  proceed  to  examine  the  mechanical  powers.  They  are  six 
in  number,  one  or  more  of  which  enters  into  the  composition  of  every 
machine.  The  lever^  the  pulley,  the  wheel  and  axle,  the  inclined  plane^ 
the  wedge,  and  the  screw. 

In  onler  to  understand  the  power  of  a  machine,  there  are  four  things  to 
he  considered.  1st.  The  power  that  acts :  this  consists  in  the  effort  of 
men  or  horses,  of  weights,  springs,  steam,  &c. 

2dly.  The  resistance  which  is  to  be  overcome  by  the  power;  this  is 
generally  a  weight  to  be  moved.  The  effect  of  the  power,  acting  in 
the  manner  in  which  in  each  particular  case  it  is  applied,  must  always 
be  superior  to  the  resistance,  otherwise  the  machine  could  not  be  put 
in  motion.  For  instance,  were  the  resistance  of  a  carriage  equal  to 
the  strength  of  the  horses  employed  to  draw  it,  they  would  not  be  able  to 
make  it  move. 

Sdly.  We  are  to  consider  the  centre  of  motion,  or,  as  it  is  termed  in 
mechanics,  the  fulcrum,  which  means  a  prop ;  this  is  the  point  about 
which  all  the  parts  of  the  body  move :  and,  lastly,  the  respective  velocities 
of  the  power,  and  of  the  resistance. 

We  shall  first  examine  the  power  of  the  lever.  The  lever  is  an  in- 
flexible rod  or  beam,  that  is  to  say,  one  which  will  not  bend  in  any  direc- 
tion. For  instance,  the  steel  rod  to  which  a  pair  of  scales  is  suspended  is 
a  lever,  and  the  point  by  which  it  is  suspended,  called  the  prop  or  fulcrum, 
is  also  the  centre  of  motion.  The  two  parts  of  a  lever  divided  by  the 
fulcrum  are  called  its  arms.  Now,  both  scales  being  empty  they  are  of 
the  same  weight,  and  consequently  balance  each  other  (^fig.  20).  We 
have  stated  that  when  two  bodies  of  equal  weight  were  fastened  together 
the  centre  of  gravity  would  be  in  the  middle  of  the  line  that  connected 
them ;  the  centre  of  gravity  of  the  scales  must,  therefore,  be  in  the  middle 
between  them,  as  the  fulcrum  is,  and,  this  being  supported,  the  scales 
balance  each  other. 

You  recollect,  that  if  a  body  be  suspended  by  that  point  in  which  the 
centre  of  gravity  is  situated,  it  will  remain  at  rest  in  any  position  indif- 
ferently ;  which  is  not  the  case  with  this  pair  of  scales,  for  when  we  hold 
them  inclined,  they  instantly  regain  their  equilibrium  ;  the  reason  of  this 
is,  that  the  centre  of  suspension,  instead  of  exactly  coinciding  with  that 
of  gravity,  is  a  little  above  it ;  if,  therefore,  the  equilibrium  of  the  scales 
be  disturbed,  the  centre  of  gravity  moves  in  a  small  circle  round  the 
point  of  suspension,  and  is  therefore  forced  to  rlse^  and  the  instant  it  is 
restored  to  liberty  it  descends  and  resumes  its  situation  immediately  below 
the  point  of  suspension,  when  the  equilibrium  is  restored.  It  is  this 
property  which  renders  the  balance  so  accurate  an  instrument  for  weighing 
goods.  If  the  scales  contain  different  weights,  the  centre  of  gravity  will 
be  removed  towards  the  scale  which  is  heaviest,  and  being  no  longer 
supported  the  heaviest  scale  will  descend.  The  fulcrum  of  tlie  balance 
is  moveable ;  tho  lever  may  be  taken  off  Uie  prop  and  fastened  on  in 


INTRODUCTION  TO  MECHANICS. 
Fig.  20.  Fig.  21.  Fig.  22. 


XXI 


— J 


another  point  which  then  becomes  the  fulcrum.  In  this  case  (he  equilibrium 
is  destroyed  ;  the  lonp^est  arm  of  the  lever  is  heaviest  and  descends.  The 
centre  of  gravity  is  not  supported  because  it  is  no  longer  immediately  beluw 
the  point  of  suspension  ;  but  if  we  can  bring  the  centre  of  gravity  imme- 
diately below  that  point,  as  it  is  now  situated,  the  scales  will  again  balance 
each  other.  Now  if  a  heavy  weight  be  placed  in  the  scale  suspended  to  the 
shortest  arm  of  the  lever,  and  a  lighter  one  into  that  suspended  to  the  longest 
arm,  the  equilibrium  will  be  restored.  It  is  not,  therefore,  impracticable  to 
make  a  heavy  body  balance  a  light  one ;  and  by  this  means  an  imposition 
in  the  weight  of  goods  might  be  effected,  as  a  weight  often  or  twelve 
ounces  might  thus  be  made  to  balance  a  pound  of  goods.  An  ingenious 
balance  called  a  steelyard  has  been  invented  on  the  principle  that  a 
weight  increases  in  effect  in  proportion  to  its  distance  from  the  fulcrum. 
In  this  machine  a  single  pound  weight,  for  instance,  answers  the  purpose 
of  weighing  any  quantity  of  goods,  simply  by  moving  it  along  the  lever ; 
for,  in  proportion  as  it  recedes  from  the  fulcrum,  it  will  balance  five,  ten, 
twenty,  or  perhaps  even  100  lbs.  weight.  The  hook  by  which  the  instru- 
ment is  suspended,  forms  the  fulcrum ;  it  is,  for  instance,  two  inches  distant 
from  the  basin  which  is  to  contain  the  articles  to  be  weighed,  while  the 
opposite  arm  of  the  lever  extends  two  feet ;  a  small  weight  is  suspended 
to  it,  and  the  graduations  on  the  lever  indicate  the  different  powers  of 
this  weight  according  to  the  situation  which  it  occupies  on  the  long  arm 
of  the  lever ;  when  pushed  to  the  extremity,  a  weight  of  51bs.  is  equiva- 
lent to  60  lbs.  placed  in  the  basin.  The  same  steelyard,  when  suspended 
by  a  second  hook,  which  divides  the  lever  with  less  inequality,  and  corre- 
sponds with  another  scale  of  graduation,  is  used  for  weighing  smaller 
quantities  of  goods,  and  the  same  weight,  when  hung  at  the  extremity, 
may  be  equal  only  to  20  lbs.  placed  in  the  basin. 

Let  us  now  return  to  the  balance  (Jig.  22),  and  divesting  it  of  the 
basins,  consider  the  lever  simply.  In  this  state  the  fulcrum  is  no  longer 
in  the  line  of  direction  of  the  centre  of  gravity,  but  it  is  and  must  ever  be 
the  centre  of  motion,  as  it  is  the  only  point  which  remains  at  rest  while 
the  other  parts  move  about  it.  When  a  lever  is  put  in  motion  the  longest 
arm,  or  acting  part  of  the  lever  must  move  with  greater  velocity  than  the 
shortest  arm,  or  resisting  part  of  the  lever,  because  it  is  furthest  from  the 
centre  of  motion.  When  two  boys  ride  on  a  plank  drawn  over  a  log  of 
wood,  the  plank  becomes  a  lever,  the  log  which  supports  it  the  fulcrum, 
and  the  two  boys  the  power  and  the  resistance  at  each  end  of  the  lever. 
When  the  boys  are  of  equal  weight  the  plank  must  be  supported  in  the 
middle  to  make  the  two  arms  equal ; — if  they  differ  in  weight,  the  plank 
must  be  drawn  over  the  prop  so  as  to  make  the  arms  unequal,  and  the 
lightest  boy  be  placed  at  the  extremity  of  the  longest  arm,  in  order  that 
the  greater  velocity  of  his  motion  may  compensate  for  the  superior  gravity 
of  his  companion,  so  as  to  render  their  momentums  equal.  But  we  know 
that  the  action  of  the  power  must  be  greater  than  tlie  resistance  ia 
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order  to  put  a  machine  in  motion.  For  this  purpose  each  boy  at  his 
descent  touches  the  ground  with  his  feet,  and  the  support  he  receives 
from  it  diminishes  his  weight  and  enables  his  companion  to  raise  him  ; 
thus  each  boy  alternately  represents  the  power  and  the  weight,  and  the 
two  arms  alternately  perform  the  function  of  the  acting  and  the  resisting 
part  of  the  lever. 

A  lever,  in  moving,  describes  the  arc  of  a  circle,  for  it  can  move  only 
around  the  fulcrum  or  centre  of  motion.  It  would  be  impossible  for  one 
child  to  rise  perpendicularly  to  the  point  A  (fig,  23),  or  for  the  other  to 

Fig.  23. 


descend  in  a  straight  line  to  B,  they  each  describe  arcs  of  their  re* 
spective  circles ;  and  you  may  judge  from  (he  different  dimensions  of  the 
circle  how  much  greater  the  velocity  of  the  little  child  must  be  than  ihatcif 
the  bigger  one.  Enormous  weights  may  be  raised  by  levers  of  this 
description,  for  the  longer  the  acting  part  of  the  lever  in  comparison  to 
the  resisting  part,  the  greater  is  the  eifect  produced  by  it ;  because  the 
greater  is  the  velocity  of  the  power  compared  to  that  of  the  weight. 
You  have  seen  a  heavy  snow-ball  rolled  over  {fig*  24)  by  thrustinji"  the 
end  of  a  strong  stick  beneath  the  ball,  and  resting  it  against  a  log  of 
Fig,  24.  wood,   or  any  object  which  can  give  it   support, 

Qnear  the  end  in  contact  with  the  snow-ball  ?     Hie 
stick,  in  this  case,  is  a  lever ;  the  support,  the  prop 
^^^     or  fulcrum ;  and  the  nearer  the  latter  is  to  the  re- 
f)  sistance,  the  more  easily  will  the  power  be  able  to 

move  it. 
There  are  three  different  kinds  of  levers :  in  the  first,  which  compre- 
hends the  several  levers  we  have  described,  the  fulcrum  is  between  the 
power  and  the  weight  When  the  fulcrum  is  situated  equally  between  the 
power  and  the  weight,  as  in  the  balance,  the  power  must  be  greater  than 
the  weight,  in  order  to  move  it ;  for  nothing  can  in  this  case  be  gained 
by  velocity.  The  two  arms  of  the  lever  being  equal,  the  velocity  of 
their  extremities  must  be  so  likewise.  The  balance  is  therefore  of  no 
assistance  as  a  mechanical  power,  but  it  is  extremely  useful  to  estimate 
the  respective  weights  of  bodies.  But  when  the  fulcrum  F  of  a  lever 
{Jig-  25)  is  not  equally  distant  from  the  power  and  the  weight,  and  that 
in  amount,  though  greater  in  effect,the  power  P  acts  at  the  extremity  of  the 
longest  arm,  it  oiay  be  Jess  than  the  weight  W,  vU  de^Qvenc^  bevu(s  com- 
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pensated  by  its  superior  velocity  ;  as  we 
Fig.  "5»  observed  in  the  see-'iaw.    Therefore  wl»eti 

A  a  ^eat  weight  is  to  be  raised,  it  must 

be  fastened  to  the  shortest  arm  of  a  lever, 
and  tlie  power  applied  to  the  lon^st 
arm ;  but  if  the  case  will  admit  of  putting 
the  end  of  the  lever  under  the  weight, 
no  fastening  will  be  required,  as  you  may  perceive  by  stirring  the  ]^re. 
The  poker  is  a  lever  of  the  first  kind ;  the  point  where  it  rests  against  the 
bars  of  the  grate,  whilst  stirring  the  fire,  is  the  fulcrum  ;  the  short  arm,  or 
resisting  part  of  the  lever,  is  employed  in  lifling  the  weight,  which  is 
the  coals,  and  the  hand  is  the  power  applied  to  the  longest  arm,  or 
acting  part  of  the  lever.  A  pair  of  scissars  is  an  instrument  composed 
of  two  levers,  united  in  one  common  fulcrum ;  the  point  at  which  the  two 
levers  are  screwed  together  is  the  fulcrum ;  the  handles,  to  which  the 
power  of  the  fingers  is  applied,  are  the  extremities  of  the  acting  part  of 
the  levers,  and  the  cutting  part  of  the  scissars  are  the  resisting  parts  of 
the  levers ;  therefore  the  longer  the  handles,  and  the  shorter  the  points  of 
tlie  scissars,  the  more  easily  will  they  cut  Thus  when  pasteboard,  or  any 
hard  substance  is  to  be  cut,  that  part  of  the  scissars  nearest  the  screw  or 
rivet,  is  used.  Snuffers,  and  most  kinds  of  pincers,  are  levers  of  a  similar 
description,  the  great  force  of  which  consists  in  the  resisting  part  of  the 
lever  being  very  short  in  comparison  of  the  acting  part. 

In  levers  of  the  second  kind,  the  weight,  instead  of  being  at  one  end, 
is  situated  between  the  power  and  the  fulcrum  ijig*  26).  In  moving  it, 
the  velocity  of  the  power  must  necessarily  be  greater  than  that  of  the 
weight,  as  it  is  more  distant  than  the  centre  of  motion.  You  may,  perhaps, 
have  seen  a  snow-ball  moved  by  means  of  a  lever  of  the  second 
order,  as  well  as  by  one  of  the  first.  The  end  of  the  stick  (Jig,  27)  that 
is  thrust  under  the    ball   rests    on    the  ground,  which    becomes   the 
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fulcrum  ;  the  ball  is  the  weight  to  be  moved,  and  the  power  the  hands 
applied  to  the  other  end  of  the  lever.  In  this  instance  there  is  an 
immense  difierence  in  the  length  of  the  anns  of  the  lever,  the  weight  being 
almost  close  to  the  fulcrum,  and  the  advantage  gained  is  proportional. 
Fishermen's  boats  are  thus  raised  from  the  ground  to  be  launched  into 
the  sea,  by  means  of  slippery  pieces  of  board,  which  are  thrust  under  the 
keel.  The  most  common  example  that  we  have  of  levers  of  the  second 
kind  is  in  the  doors  of  our  apartments  :  in  these  the  hinges  represent  the 
fulcrum,  the  hand,  the  power  applied  to  the  other  end  of  the  lever,  and  the 
door,  or  rather  its  inertia,  is  the  weight  which  occupies  the  whole  of  the 
space  between  the  power  and  the  fulcrum.  The  whole  weight  and  inertia 
of  the  door  may  be  regarded  as  collected  into  its  centre  of  gravity ;  that 
is  to  say,  the  resistance  of  the  door  is  the  same  Ihal  wo\i\dV^  o^«t^^\s^ 
a  force  equal  to  the  inertia  of  the  door,  and  passmg  vYvTO>3i^  \Va  e«»\x^ 
ofgnrJtjr.    Another  very  common  instance  is  found  \u  «a  ow  •  \\>ft  \^t^^ 
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18  kept  in  the  same  place  by  the  resistance  of  the  water,  and  becomes  (he 
fulcrum ;  the  resistance  is  applied  where  the  oar  passes  over  the  side  of 
the  boat,  and  the  hands  at  the  handle  are  the  power.  Nut-cmckers  are 
double  levers  of  this  kind:  the  hinge  is  the  fulcrum,  the  nut  the  resist- 
ance, and  the  hands  the  power. 

In  levers  of  the  third  kind  (Jig;,  28),  the  fulcrum  is  also  at  one  of  the 

extremities,  the  weight  or  resistance  at  the  other,  and  it  is  now  the  power 

I7«    oc  which    is   applied    between   the  fulcrum 

^*  and  the    resistance.     Thus  the  fulcrum, 

the  weight,  and  the  power,    each  in   its 
turn,  occupies  some  part  of  the  middle 
of  the  lever  between  its  extremities.     But 
in  this  third  kind  of  lever,  tlie  weight  being 
further  from  the  centre  of  motion  than  the 
power,  the  difficulty  of  raising  it,  instead  of 
being  diminished,  is  increased.     Levers  of  this  description  are  used  when 
the  object  is  to  produce  great  velocity.     The  aim  of  mechanics,  in  genera], 
is  to  gain  force  by  exchanging  it  for  time ;  but  it   is  sometimes  desirable 
to  produce  great  velocity  by   an  expenditure  of  force.     The  treddle  of  a 
common  turning  lathe  affords  an   example  of  a   lever  of  the  third  kind 
employed  in  gaining  time,  or  velocity,  at  the  expense  of  force.     A  man, 
in  raising  a  long  ladder  perpendicularly  against  a  wall,  cannot  place  his 
hands  on  the  upper  part  of  the  ladder :  the  power,  therefore,  is  neces- 
sarily placed  nearer  the  fulcrum  than  the  weight,  for  the  hands  are  the 
power,  the  ground  the  fulcrum,  and  the  ladder  the  weight,  which,  as   in 
the  case    of  the   door,  may  be  considered  as  collected  in  the  centre   of 
gravity  of  the  ladder,  alx>ut  half  way  up  it,  and  consequently  beyond  the 
point  where  the  hands  are  applied.     Nature  employs  this  kind  of  lever 
in  the  structure  of  the  human  frame.     In  lifting  a  weight  with  the  hand, 
the  lower  part  of  the  arm  becomes  a  lever  of  the   third  kind  :  the  elbow 
is  the  fulcrum ;  the  muscles  which  move   the  arm,  the  power ;  and  as 
these  are  nearer  to  the  elbow  than  the  hand  is,  it  is  necessary  that  their 
power  should  exceed  the  weight  to  be  raised. 

You  may  perhaps  wonder  that  nature  should  have  furnished  us  with 
such  levers,  but  the  disadvantage  is  more  than  compensated  by  the  con- 
venience resulting  from  the  structure  of  the  arm.  It  is  of  more  con.se- 
quence  that  we  should  be  able  to  move  our  limbs  nimbly,  than  that  we 
should  be  able  to  overcome  great  resistance ;  for  it  is  comparatively 
seldom  that  we  meet  with  great  obstacles,  and  when  we  do,  they  can  be 
overcome  by  art.  Besides,  the  Creator  has  endowed  the  muscular  fibres 
with  prodigious  strength,  so  that,  upon  the  whole,  this  kind  of  lever  is 
best  adapted  to  enable  the  arm  to  perform  its  various  functions. 

The  pulley,  which  is  the  second  mechanical  power  we  are  to  examine,  is 

a  circular  flat  piece  of  wood  or  metal,  with  a   string 
Fig,  29.  running  in  a  groove  round  it,  by  means  of  which  a 

weight  may  be  pulled  up.  Thus  pulleys  are  used  for 
drawing  up  curtains,  the  sails  of  a  ship.  &c.  When, 
as  in  the  examples  alluded  to,  the  pulley  is  fixed,  it 
docs  not  increase  the  power  to  raise  ihe  weight.  If  P 
represent  the  power,  to  raise  the  weight  W  (Jig.  29), 
it  is  evident  that  the  power  must  be  greater  than  the 
weight,  in  order  to  move  it.  A  fixed  pulley  is  useful, 
therefore,  only  in  altering  the  direction  of  the  power, 
and  its  most  freciuent  practical  application  is  to 
'nuke  us    to  draw    up  a  weight    by  drawing   down    the  strinij  cou- 
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nected  willi  the  pulley.  But  a  moveable  pulley  sflbnls  mechanical  as- 
s'lBlanee  {Jig-  30).  The  hand  which  sustains  the  cask  by  means  of  tlie 
cordDE  going  over  the  moveable  pulley,  does  it  more  easily  than  it 
it  held  the  cask  suspended  to  a  cord  without  a  pulley ;  for  the  fixed 
book  H,  to  which  one  end  of  the  cord  i«  fastened,  bearing  one  balf  of 
the  weight  of  the  cask,  the  hand  has  only  the  other  half  to  sustain. 
Now  it  is  evident,  that  the  hook  affords  the  same  assistance  in 
raising  as  in  sustaining  the  cask,  so  that  the  hand  will  have  only  one  half 
of  the  weight  to  raise.  But  observe  that  the  velocity  of  the  hand  must  be 
Fis  30  double  that  of  the  cask ;  for  in  order  to  raise  the  latter 
one  inch,  the  hand  must  draw  the  two  strings  (or  rather 
the  two  parts  D  and  E  into  which  the  string  is  divided  by 
the  pulley)  one  inch  each ;  the  whole  string  being 
shortened  two  inches,  while  the  cask  ia  raised  only  one 
Thus  the  advanta^  of  a  moveahle  pulley  consists  in 
dividing  the  difbculiy ;  twice  the  length  of  string  it  is 
true  must  be  drawn,  but  only  half  the  strengh  is  required 
which  would  be  necessary  to  raise  the  weight  without  such 
assistance  ;  so  that  the  difficulty  is  overcome  in  the  same 
manner  as  it  would  be  by  dividing  the  weight  into  two 
equal  parts,  and  raising  them  successively.  The  pultej'f 
therefore,  acts  on  the  same  principle  as  the  lever,  the  de- 
ficiency of  strength  of  the  power  being  compensated  by 
its  superior  velocity ;  and  it  is  on  this  principle  that  all 
mechanical  power  is  founded.  In  tlie  filed  pulley  (Jig. 
S9)  the  line  A  C  may  be  considered  as  a  lever,  and  B  the 
fiilcmm ;  tben  the  two  arms  A  B  and  B  C  being  equal,  the  lever  will 
afford  no  aid  as  a  mechanical  power ;  since  the  power  must  be  equal  to 
the  weight  in  order  to  balance  it,  and  superior  to  the  weight  in  order  to 
raise  it.  In  the  moveable  pulley  {Jig.  30)  you  must  consider  the  point 
A  as  the  fulcrum  ;  A  B  or  half  the  diameter  of  the  pulley  aa  the  shortest 
urni ;  and  A  C  or  the  whole  diameter  as  the  longest  arm.  It  may, 
perhaps,  be  objected  to  pulleys  that  a  longer  time  is  required  to  raise  a 
weight  with  their  aid  than  without  it :  that  is  true,  for  it  is  a  fundamental 
law  in  mechanics,  that  what  is  gained  in  power  is  lost  in  time :  this 
Ftp  31  applies  not  only  to  the  pulley  but  to  the  lever  and  all  the 
other  mechanical  powers.  It  would  be  wrong,  however,  to 
suppose  that  the  loss  was  equivalent  to  the  gain,  and  thst 
we  derived  no  advantage  from  the  mechanical  powers ;  for 
since  we  are  incapable  of  augmenting  our  strength,  that 
science  is  of  wonderful  utility  which  enables  us  to  reduce  the 
resistance  or  weight  of  any  body  to  the  level  of  our  strength. 
This  wc  accomplish,  by  dividing  the  resistance  of  a  hody 
into  parts  which  we  can  successively  overcome;  and  if  it 
require  a  sacrifice  of  time  to  attain  this  end,  you  must  be 
sensible  how  very  advantageously  it  is  exchanged  for  power. 
The  greater  the  number  of  pulleys  connected  by  a  string, 
the  more  easily  the  weight  is  raised,  as  the  difficulty  is 
divided  amongst  the  number  of  strings,  or  rather  of  parts 
into  which  the  string  is  divided  by  the  pulleys.  Several 
pulleys  thus  connected  form  wliat  is  called  a  system,  or 
tackle  of  pulleys  (Jig.  31).  You  may  have  seen  them  sus- 
pended from  cranes  to  raise  goods  into  warehouses,  and  v% 
k^:ips  to  draw  up  the  sails.  Here  both  tVie  «&vQK\ja%<»  <& 
an  JncFeiu*  of  power  uid  a  change  q[  diTCKV.un^  «t«  wuV«&\ 
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for  the  sails  are  rniaed  up  the  muts  by  the  ikilora  on  deck  from  the 
change  of  direction  which  the  pulley  effects ;  and  the  labour  ia  Taci- 
lilated  by  (he  mechanical  power  or  a  combinatioD  of  pulleys.  Pullles 
are  frequently  connected,  as  described  in_^.  32,  both  for  nautical  and 
«  variety  of  other  purposes;  but  in  whatever  manner  pulley*  are  con- 
nected  by  a.  single  string  the  mecbanical  power  is  the  asme  in  its 
principle. 

The  third  mechanical  power  is  the  wheel  and  aile>  Let  us  suppose 
(.fig-  33)  the  weight  W  to  be  a  bucket  of  water  in  a  well,  which  Is  in  be 
raised  by  winding  the  rope,  to  which  it  is  attached,  round  the  sile:  if  this 
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be  done  without  a  wheel  to  turn  the  axle,  no  meelianinl  assistance  is 
received.  The  axle  without  a  wheel  is  as  impotent  as  a  single  fixed 
pulley,  or  a  leyer,  whose  fulcrum  is  in  the  centre  ;  but  add  the  wheel  to 
the  axle,  and  you  will  immediately  find  the  bucket  is  raised  with  much 
less  diRicuIty.  The  axle  acts  the  part  of  the  shorter  arm  of  the  lever,  ijie 
wheel  that  of  the  longer  arm.  The  velocity  of  the  circumference  of  the 
wheel  is  as  much  {greater  than  that  of  the  axle,  as  it  is  further  from  the 
centre  of  motion  ;  for  the  wheel  describes  a  large  circle  in  the  same  space 
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of  time  that  the  axle  describes  a  small 
one,  therefore  the  power  is  increased 
in  the  same  proportion  as  the  circum- 
ference of  the  wheel  is  greater  than 
that  of  the  axle.  If  the  velocity  of  the 
wheel  were  twelve  times  greater  than 
that  of  the  axle,  a  power  nearly  twelve 
times  less  than  the  weight  of  the  bucket 
would  be  able  to  raise  it.  Instead 
of  a  wheel  there  is  commoiily  attached 
to  the  axle  only  a  crooked  handle, 
which  answers  the  same  purpose 
O^  84).  Forthe branch  ufthe  handle 
A,  which  is  united  to  the  axle,  repre- 
sents the  spoke  of  a  wheel,  and  is  ns 
effectual  as  an  entire  wheel ;  the  other  branch,  B,  affords  no  mechnnlcal 
aid,  merely  serving  as  a  handle  to  turn  the  wheel.     Wheels  are  a  very 
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eRseniial  part  of  most  inacliines.  They  are  employed  in  various  ways  ; 
but,  when  fixed  to  the  axle,  their  mechanical  power  is  always  the  same ; 
that  is,  as  tlie  circumference  of  the  wheel  exceeds  that  of  the  axle,  so 
much  will  the  energy  of  the  power  be  increased.  In  mills  and 
manufactures,  you  must  have  admired  the  immense  wheel,  the  revo- 
lution of  which  puts  the  whole  of  the  machinery  into  motion  ;  and  though 
BO  great  an  effect  is  produced  by  it,  a  horse  or  two  has  sufficient  power  to 
turn  it ;  but  a  steam-engine  is  both  the  most  powerful  and  the  most  conve- 
nient mode  of  turning  the  wheel.  We  have  the  advantage  sometimes  of  a 
gratuitous  force,  such  as  the  stream  of  water  to  turn  a  watermill ;  and  the 
wind  which  turns  the  vanes  of  a  windmill.  One  of  the  great  benefits 
resulting  from  the  use  of  machinery  is,  that  it  gives  us  a  sort  of  empire 
over  the  powers  of  nature,  and  enables  us  to  make  them  perform  that 
labour  which  would  otherwise  full  to  the  lot  of  man.  When  a  current  of 
wind,  a  stream  of  water,  or  the  expansive  force  of  steam  performs  our  task, 
we  have  only  to  superintend  and  regulate  their  operations. 

The  fourth  mechanical  ])ower  is  the  inclined  plane.  This  is  nothing 
more  than  a  slope,  or  declivity,  frequently  used  to  facilitate  the  drawing 
up  of  weights.  It  is  not  difficult  to  understand,  that  a  weight  may  with 
much  greater  ease  be  drawn  up  a  slope  than  it  can  be  raised  the  same 
height  perpendicularly.  But  in  this,  as  well  as  the  other  mechanical 
powers,  the  facility  is  purchased  by  a  loss  of  time  (Jig,  35)  ;  for  the  weight, 
instead  of  moving  directly  from  A  to  C,  must  move  from  B  to  C,  and  as 
the  height  of  the  plane  is  to  its  length,  so  much  is  Ihe  resistance  of  the 
weight  diminished.  Thus,  if  a  pulley  be  fixed  at  F,  so  that  the  string 
from  F  to  W  may  be  parallel  to  B  C,  and  a  string  fixed  to  the  weight 
W  were  connected  with  another  weight  P ;  then  if  P  bear  the  same  pro- 
portion to  W  that  the  line  A  C  does  to  the  line  B  C,  the  two  weights 
will  balance  each  other,  a  considerable  portion  of  the  weight  W  being 
supported  by  the  plane  B  C,  and  only  the  residue  by  the  power  P. 

The  wedge,  which  is  the  next  mechanical  ])owcr,  is  composed  of  two 
inclined  planes  {Jtg^  36) :  you  may  have  seen  woodcutters  use   it  to 
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Fig.  36. 


cleave  wood.  The  resistance  consists  in  the  cohesive  attraction  of  the 
wood,  or  any  other  body  which  the  wedge  is  employed  to  separate ;  and 
the  advantage  gained  by  this  power  is  in  the  proportion  of  half  its 
width  to  its  length.  The  wedge,  however,  acts  principally  by  being  struck, 
and  not  by  mere  pressure :  the  proportion  stated  is  that  which  expresses 
its  power  when  acting  by  pressure  only. 

All  cutting  instruments  are  constructed  upon  the  principle  of  the  in- 
clined plane,  or  the  wedge.  Those  that  have  but  one  edge  sloped,  like 
the  chisel,  may  be  referred  to  the  inclined  plane ;  whilst  the  axe,  the 
hatchet,  and  the  knife  (when  used  to  chop  or  split  asunder),  act  on  the 
principle  of  the  wedge.  But  a  knife  cuts  best  when  drawn  across  the 
fiubstance  it  is  to  divide,  as  it  is  used  in  cutting  meat,  for  the  edge  of  a 
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knife  is  really  a  very  fine  saw,  and  therefore  acts  best  when  used  like  thai 
instrument 

The  screw,  which  is  the  last  mechanical  power,  is  more  complicated 
than  the  others  {Jig,  37).  It  is  composed  of  two  parts,  the  screw  and 
the  nut  The  screw  S  is  a  cylinder,  with  a  spiral  protuberance  coiled 
round  it,  called  the  thread  ;  the  nut  N  is  perforated  to  contain  the  screw ; 
and  the  inside  of  the  nut  has  a  spiral  groove,  made  to  fit  the  spiral  thread 
of  the  screw ;  just  like  the  lid  of  a  box  which  screws  on.  The  handle 
whkh  projects  from  the  nut  is  a  lever,  without  which  the  screw  is  never 
used  as  a  mechanical  power.  The  nut,  with  a  lever  L  attached  to  it,  is 
commonly  called  a  winch.  The  power  of  the  screw,  complicated  as  it 
appears,  is  referable  to  one  of  the  most  simple  of  the  mechanical  powers, 
the  inclined  plane.  If  a  slip  of  paper  be  cut  in  the  form  of  an  inclined 
plane,  and  wound  round  a  pencil,  which  will  represent  the  cylinder,  it 
will  describe  a  spiral  line  corresponding  to  the  spiral  protuberance  of  the 
screw  (Jig,  38).  The  nut  then  ascends  an  inclined  plane,  but  ascends  it 
in  a  spiral  instead  of  a  straight  line.    The  closer  the  thread  of  the  screw 
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the  more  easy  is  the  ascent,  but  the  greater  are  the  number  of  revolutions 
the  winch  must  make  ;  so  that  we  return  to  the  old  principle, — ^what  is 
saved  in  power,  is  lost  in  time.  The  power  of  the  screw  may  be  increased, 
also,  by  lengthening  the  lever  attached  to  the  nut ;  it  is  employed  either 
for  compression  or  to  raise  heavy  weights.  It  is  used  in  cider  and  wine 
presses,  in  coining,  book-binding,  and  for  a  variety  of  other  purposes. 

All  machines  are  composed  of  one  or  more  of  the  six  mechanical  powers 
we  have  examined.  One  more  remark  must  be  made  relative  to 
them,  which  is,  that  friction  in  a  considerable  degree  diminishes  their 
force.  Friction  is  the  resistance  which  bodies  meet  with  in  nibbing 
against  each  other.  There  is  no  such  thing  as  perfect  smoothness  or 
evenness  in  nature.  Polished  metals,  though  they  wear  that  appearance, 
more  than  any  other  bodies,  are  far  from  really  possessing  it ;  and  their 
inequalities  may  frequently  be  perceived  through  a  good  magnifying  glass. 
When,  therefore,  the  surfaces  of  the  two  bodies  come  into  contact,  the  pro- 
minent parts  of  the  one  will  often  fall  into  the  hollow  parts  of  the  other,  and 
occasion  more  or  less  resistance  to  motion.  In  proportion  as  the  surfaces 
of  bodies  are  well  polished,  the  friction  is  diminished;  but  it  is  always 
considerable,  and  it  is  usually  computed  to  destroy  one-third  of  the  power 
of  a  machine.  Oil  or  grease  is  used  to  lessen  friction  :  it  acts  as  a  polish 
by  filling  up  the  cavities  of  the  rubbing  surfaces,  and  thus  making  them 
slide  more  easily  over  each  other.  It  is  for  this  reason  that  wheel  are 
greased,  and  the  locks  and  hinges  of  doors  oiled.    In  these  instances  itis 
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contact  of  the  rubbinor  surfaces  is  so  close,  and  the  rubbing'  so  continual, 
that,  notwithstanding  their  being  polished  and  oiled,  a  considerable  degree 
of  friction  is  produced.  It  is  a  remarkable  circumstance,  that  there  is 
generally  less  friction  between  two  bodies  of  different  substances,  than  of 
the  same.  It  is  on  this  account  that  the  holes  in  which  the  spindles  of 
watches  work,  are  frequently  made  of  jewels ;  and  that  when  two  cog- 
wheels work  in  one  another,  the  cogs  of  the  one  are  generally  made  of 
wood,  and  of  the  other  of  metal. 

There  are  two  kinds  of  friction  ;  the  one  occasioned  by  the  sliding 
of  the  flat  surface  of  a  body,  the  other  by  the  rolling  of  a  circular 
body.  The  friction  resulting  from  the  first  is  much  the  most  consi- 
derable ;  for  great  force  is  required  to  enable  the  sliding  body  to  over- 
come the  resistance  which  the  asperities  of  the  surfaces  in  contact  op- 
pose to  its  motion,  and  it  must  be  either  lifted  over,  or  break  through 
them  ;  whilst,  in  the  other  kind,  the  friction  is  transferred  to  a  smaller 
surface,  and  the  rough  parts  roll  over  each  other  with  comparative  facility ; 
hence  it  is,  that  wheels  are  oflen  used  for  the  sole  purpose  of  diminishing 
the  resistance  of  friction.  When,  in  descending  a  steep  hill,  we  fasten 
one  of  the  wheels,  we  decrease  the  velocity  of  the  carriage  by  increasing 
the  friction,  that  is  to  say,  by  converting  the  rolling  friction  of  one  of 
the  wheels  into  the  dragging  friction ;  and  when  casters  are  put  to  the 
legs  of  a  table  the  dragging  is  converted  into  the  rolling  fi>iction. 

The  great  fly-wheel  which  is  frequently  attached  to  steam-engines  and 
other  large  machines,  acts  in  the  first  instance  as  a  heavy  weight  to  im- 
pede their  free  uncontrolled  motion.  However  paradoxical  this  mode  of 
improving  machinery  may  appear,  it  is  nevertheless  of  great  advantage. 
The  motion  of  a  machine  is  always  more  or  less  variable,  owing  to  the 
irregularity  both  of  the  power  which  works  it,  and  of  the  resistance  which 
it  has  to  overcome.  Whether  the  power  consists  in  wind,  water,  steam,  or 
the  strength  of  animals,  it  cannot  be  made  to  act  with  perfect  regularity, 
nor  can  the  work  which  the  machine  has  to  perform  be  always  uniform. 
Yet  in  manufactures,  and  most  cases  in  which  machinery  is  employed, 
uniformity  of  action  is  essentially  requisite,  both  in  order  to  prevent  injury 
to  the  machine,  and  imperfection  in  the  work  performed.  A  fly-wheel, 
which  is  a  large  heavy  wheel  attached  to  the  axis  of  one  of  the  principal 
wheels  of  the  machinery,  answers  this  purpose,  by  regulating  the  action 
of  the  machine :  by  its  weight  it  diminishes  the  effect  of  increased  action, 
and  by  its  inertia  it  carries  on  the  machine  with  uniform  velocity  when  the 
power  transiently  slackens;  thus  by  either  checking  or  impelling  the 
action  of  the  machine,  it  regulates  its  motion  so  as  to  render  it  tolerably 
uniform. 

There  is  another  circumstance  which  we  have  already  noticed  as 
diminishing  the  motion  of  bodies,  and  which  g^atly  affects  the  power  of 
machines :  this  is  the  resistance  of  the  medium  in  which  a  machine  is 
worked.  All  fluids^  whether  of  the  nature  of  air,  or  of  water,  are  called 
mediums  ;  and  their  resistance  is  generally  proportioned  to  their  density : 
for  the  more  matter  a  body  contains,  the  greater  the  resistance  it  will 
oppose  to  the  motion  of  another  body  striking  against  it.  It  is  therefore 
more  difficult  to  work  a  machine  under  water  than  in  the  air.  If  a  machine 
could  be  worked  in  vacuo,  and  without  friction,  it  would  be  perfect ;  but 
this  is  unattainable.  A  considerable  reduction  of  power  must,  therefore, 
be  allowed  for  the  resbtance  of  the  air. 
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Section  I. — The  KartKt  Annual  Motion. 

In  attempting^  to  give  some  general  notions  on  astronomy,  we  shall  not 
begin  by  entering  into  an  explanation  of  the  system  of  the  celestial  bodies, 
but  select  that  portion  which  is  most  interesting  to  us,  the  earth  ;  and  when 
you  have  formed  a  distinct  idea  of  the  part  which  it  performs  in  the 
general  system,  lead  you  from  thence  to  form  some  conception  of  the 
grandeur  and  immensity  of  the  universe.     Let  us  suppose  the  earth  at  its 

creation  to  have  been  projected 
forwards  into  universal  space. 
We  know  (hat  if  no  obstacle 
impeded  its  course  it  would 
proceed  in  the  same  direction, 
and  with  a  uniform  velocity  for 
ever.  In  fig,  1,  A  represents 
the  earth,  and  S  the  sun.  We 
shall  suppose  the  earth  to  be 
arrived  at  the  point  in  which  it 
is  represented  in  the  figure, 
having  a  velocity  which  would 
carry  it  on  to  B  in  the  space  of 
one  month  ;  whilst  the  sun's  at- 
traction would  bring  it  to  C 
in  the  same  space  of  time.  According  to  the  laws  of  motion  you  would 
conclude  that  the  earth  would  move  in  the  diagonal  A  D  of  the  paral- 
lelogram A  B  D  C  as  a  ball  acted  on  by  two  forces  will  do.  But  it 
must  be  observed  that  the  force  of  attraction  is  continually  acting  upon 
our  terrestial  ball,  and  producing  an  incessant  deviation  from  its  course 
in  a  right  line,  which  converts  it  into  that  of  a  curve  line ;  every  |>oint  of 
which  may  be  considered  as  constituting  the  diagonal  of  an  infinitely 
small  parallelogram. 

Let  us  detain  the  earth  a  moment  at  the  point  D,  and  consider  how  it 
will  be  affected  by  the  combined  action  of  the  two  forces  in  its  new 
situation.  It  still  retains  its  tendency  to  fly  off  in  a  straight  line  ;  but  a 
straight  line  would  now  carry  it  away  to  F,  whilst  the  sun  would  attract  it 
in  the  direction  D  S.  In  order  to  know  exactly  what  course  the  earth 
will  follow,  another  parallelogram  must  be  drawn  in  the  same  manner  as 
the  first ;  the  line  D  F  describing  the  force  of  projection,  and  the  line 
D  S  that  of  attraction  ;  and  you  will  find  that  the  earth  will  proceed  in  the 
curve  line  D  G  drawn  in  the  parallelogram  D  F  G  E  :  and  if  we  go  on 
throughout  the  whole  of  the  circle  drawing  a  line  from  the  earth  to  the 
sun  to  represent  the  force  of  attraction,  and  another  at  a  right  angle  to 
it,  to  describe  that  of  projection,  we  shall  find  that  the  earth  will  proceed 
in  a  curve  line  passing  through  similar  parallelograms  till  it  has  com- 
pleted the  whole  of  the  circle.  It  will  then  recommence  a  course,  which  it 
has  pursued  ever  since  it  first  issued  from  the  hand  of  its  Creator,  and 
which  there  is  every  reason  to  suppose  it  will  continue  to  follow  as  long 
as  it  remains  in  existence.  It  affords  an  example,  on  a  magnificent  scale, 
pfthe  circuJar  motion  which  was  taught  iu  mechanics.    The  attraction  of 
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the  sun  Is  the  centripetal  force,  which  confines  the  earth  to  a  centre ;  and 
the  impulse  of  projection  the  force  which  impels  the  earth  to  quit  the  sun 
and  fly  off  in  a  tan^nt,  and  which,  therefore,  by  the  inertia  of  the  body, 
produces  the  centrifugal  force. 

A  simple  mode  of  illustrating  the  effect  of  these  combined  fbrces  on  the 
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earth  is  to  cut  a  slip  of  card  in  the  form  of 
a  right  angle  (Jig.  2),  to  describe  a  smalt  circle 
at  the  angultsr  point  representing  the  earth, 
and  to  fasten  the  extremity  of  one  of  the  legs  of 
the  angle  to  a  fixed  point,  which  we  shall  con- 
sider as  the  sun.  Thus  situated,  the  lines 
forming  the  angle  will  represent  both  the  forces 
which  act  upon  the  earth  ;  and  if  you  draw  it 
round  the  fixed  point,  you  will  see  how  the  di- 
rection of  the  force  which  opposes  the  centri- 
petal force  varies,  constantly  forming  a  tangent 
to  the  circle  in  which  the  earth  moves,  as  it 
is  constantly  at  a  right  angle  with  the  centri- 
petal force.  You  will  naturally  conclude  that  if  the  two  forces  which 
produce  this  circular  motion  bad  not  been  so  accurately  adjusted, 
one  would  ultimately  have  prevailed  over  the  other,  and  we  should 
either  have  approached  so  near  the  sun  as  to  have  been  burnt,  or 
have  receded  so  far  from  it  as  to  have  been  frozen.  But  we  have  de- 
scribed the  earth  as  moving  in  a  circle,  merely  to  render  the  explanation 
more  simple,  for  in  reality  these  two  forces  are  not  so  proportioned  us  to 
produce  circular  motion  ;  and  the  earth's  orbit,  or  path  which  it  describes 
round  the  sun,  is  not  circular  but  elh'ptical  or  oval. 

Let  us  suppose  that  when  the  earth  is  at  A  (Jig,  3)  its  projectile  force 


Fig.  3. 


does  not  give  it  a  velocity  sufficient 
to  counterbalance  that  of  gravity,  so 
as  to  enable  these  powers  conjointly 
to  carry  it  round  the  sun  in  a  circle ; 
the  earth  instead  of  describing  the 
line  A  C,  as  in  the  former  figure, 
will  approach  nearer  the  sun  in  the 
line  A  B.  Under  these  circum- 
stances, it  will  be  asked  what  is  to 
prevent  our  approaching  nearer  and 
nearer  the  sun  till  we  fall  into  it ;  for 
its  attraction  increases  as  we  advance 
towards  it.  There  also  seems  to  be 
another  danger.  As  the  earth  ap- 
proaches the  sun,  the  direction  of  its 
motion  is  no  longer  perpendicular  to 
that  of  attraction,  but  inclines  more 
nearly  to  it.  When  the  earth  reaches  that  part  of  its  orbit  at  B,  the 
force  of  projection  would  carry  it  to  D,  which  brings  it  nearer  the 
sun  instead  of  bearing  it  away  from  it ;  so  that  being  driven  by 
one  power,  and  drawn  by  the  other  towards  this  centre  of  destruc- 
tion, it  would  seem  impossible  for  us  to  escape.  But  nature  abounds  in 
resources.  The  earth  continues  approaching  the  sun  with  an  accelerated 
motion^  till  it  reaches  the  point  £ :  the  projectile  force  now  impels  it 
in  the  direction  £  F.  Here  then  the  two  forces  «LCi  ^r^fA\tN\«A^ 
to  each  other,  and  the  earth  is  situated  as  in  the  precediii^  fk^i^^  ^^  \\ 
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will  not  rerolT«  round  the  sun  in  a  circle  for  the  following  reason.  Tb« 
centrifu^l  Torce  increaaes  with  the  velocity  of  the  body,  or  in  other  wordi, 
the  quicker  it  moves  the  stronger  is  iU  tendency  to  fly  off  in  a  rig^t  line. 
When  the  earth  arrives  at  £,  its  accelerated  motion  will  have  so  far 
increased  its  velocity  and  consequently  its  centrifugal  force,  that  the  latter 
will  prevail  over  the  force  of  attraction,  and  drag  the  earth  away  from 
the  sun  till  it  reaches  Q.  It  is  thus  that  we  escape  from  the  dangerous 
vicinity  of  (he  sun  ;  and  as  we  recede  from  it,  both  the  force  of  its  attrac- 
tion, and  the  velocity  of  the  earth's  motion  diminish.  From  Q  the  direc- 
tion of  projection  is  lowu^s  H,  that  of  attraction  towards  S,  and  the 
earth  proceeds  between  them  with  a  retarded  motion,  till  it  has  com- 
pleted its  revolution.  Thus  the  earth  travels  round  the  sun,  not  in  a 
circle,  but  an  ellipsis,  of  which  the  sun  occupies  one  of  the  foci ;  and  in 
its  course  the  earth  alternately  approaches  and  recedes  from  it,  so  that 
what  at  first  appeared  to  be  a  dangerous  irregularity,  is  the  means  by 
which  the  most  perfect  order  and  harmony  are  produced.  The  earth 
then  travels  on  at  a  very  unequal  rate,  its  velocity  being  accelerated  aa  it 
approaches  the  sun,  and  retarded  as  it  recedes  from  it 

Now  it  is  roathematically  demonstrable,  that  when  a  body  moves  round 
Pig  4  a  point  towards  which  it  is  attracted,  the  areas 

—  included  between  the  line  it  describes  and  the 

lines  joining  its  place  at  different  instants  to 
the  attracting  point,  are  equal  in  equal  times. 
The  whole  of  the  space  contained  within  the 
earth's  orbit  is  {Jis-  4),  divided  into  a  number 
of  areas,  or  spaces,  I,  2,  3,  4,  &c.,  all  of  which 
are  of  equal  dimensions,  though  of  very  differ- 
I  ent  forms ;  some  of  them  ure  long  and  nar- 
row, others  broad  and  short  j  but  they  each 
of  (hem  contain  an  equal  quantity  of  space. 
An  imaginary  line  drawn  from  the  centre  of 
the  earth  to  that  of  the  snn,  and  keeping  pace 
with  the  earth  in  its  revolution,  passes  over 
equal  areas  in  equal  times :  that  is  to  say,  if  it 
is  a  month  going  from  A  to  B,  it  wilt  be  a  month  going  from  0  to  C, 
and  another  from  C  to  E,  and  so  on. 

The  inequality  is  not  in  fact  so  considerable  as  appears  in  figure  4  ;  for 
the  earth's  orbit  is  not  SO  eccentric  as  it  is  there  described  ;  and,  in  reality, 
difters  but  little  from  a  circle.  That  part  of  the  earth's  orbit  nearest  tlia 
sun  is  called  its  perihelion,  that  part  most  distant  from  the  sun  its  aphelion ; 
and  the  earth  is  about  three  millions  of  miles  nearer  the  sun  at  its  peri- 
helion than  at  its  aphelion.  You  will  learn  with  surprise  that  during  the 
height  of  uur  summer,  the  enrth  is  in  that  part  of  its  orbit  which  is  most 
distant  from  the  sun,  and  it  is  during  the  severity  of  winter  that  it 
approaches  nearest  to  it.  The  difference,  however,  of  the  earth's  distance 
from  the  sun  in  summer  and  winter,  when  compared  with  its  total  distance 
from  the  sun,  is  hut  inconsiderable,  for  three  millions  of  miles  sinks  into 
insignificBucc  in  compari.son  of  da  millions  of  miles,  which  is  our  mean 
distance  from  the  sun.  Tl)e  change  of  temperature,  arising  from  this 
difference,  would  in  itself  scarcely  be  sensible,  and  it  is  completely  over- 
powered by  other  causes  which  produce  the  variations  of  the  seasons  j  but 
the  explanation  of  these  must  be  deferred  till  we  have  made  some  further 
observations  on  the  heavenly  bodies.  Since  the  earth  moves  with  greateat 
TCrfKit;  in  that  pari  of  its  orbit  nearest  the  Bun,  it  must  complete  its 
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journey  through  one  half  of  its  orbit  in  a  shorter  time  than  through  the 
other  half;  and  in  fact,  it  is  about  seven  days  longer  performing  our 
summer  half  of  its  orbit  than  the  winter  half.  The  planets  are  celestial 
bodies  which  revolve  round  the  sun,  on  the  same  principle,  and  they  are 
supposed  to  resemble  tlie  earth  also  in  many  other  respects ;  and  we  are 
led  by  analogy  to  consider  them  as  inhabited  worlds. 

Some  of  the  planets  are  proved  to  be  larger  than  the  earth  :  it  is  only 
their  immense  distance  from  us  which  renders  their  apparent  dimensions 
so  small.  Now,  if  we  consider  them  as  enormous  globes,  instead  of 
small  twinkling  spots,  we  shall  find  it  most  consistent  with  our  ideas  of 
the  Divine  wisdom  and  beneficence,  to  suppose  that  these  celestial  bodies 
should  be  created -for  the  habitation  of  beings,  who  are,  like  us,  blessed 
by  His  providence.  Hence,  in  a  moral,  as  well  as  a  physical  point  of  view, 
it  is  most  rational  to  consider  the  planets  as  worlds  revolving  round  the 
sun  ;  and  the  fixed  stars  as  other  suns,  each  of  them  probably  attended 
by  its  system  of  planets,  to  which  they  respectively  impart  their  in- 
fluence. Our  telescopes  are  brought  to  such  a  degree  of  perfection, 
that  from  the  appearances  which  the  moon  exhibits  when  seen  through 
them,  we  have  probable  reason  to  conclude  that  it  is  a  habitable  globe ; 
its  mountains  and  valleys  arc  very  perceptible,  and  some  astronomers 
imagine  that  they  have  seen  volcanoes  in  it 

The  planets  which  are  supposed  to  revolve  round  the  fixed  stars  must 
of  course  be  much  smaller  than  the  suns  which  give  them  li^ht ;  and 
the  distance  which  makes  these  suns  appear  to  us  like  stars  must  render 
their  planets  quite  invisible:  besides  the  light  of  these  planets  would 
he  much  more  feeble  than  that  of  the  fixed  stars  ;  there  would  be  exactly 
the  same  sort  of  difference  as  between  the  light  of  the  sun  and  that  of 
the  murm,  the  first  being  a  fixed  star,  the  second  a  planet. 

According  to  the  laws  of  attraction,  the  planets  belonging  to  our 
system  all  gravitate  towards  the  sun ;  and  this  force,  combined  with 
that  of  projection,  occasions  their  revolution  round  the  sun,  in  orbits 
more  or  less  elliptical,  according  to  the  proportion  which  these  two 
forces  bear  to  each  other.  But  the  planets  have  also  another  motion  : 
they  revolve  upon  their  axis.  The  axis  of  a  planet  is  an  imaginary 
line  which  passes  through  its  centre,  and  on  which  it  turns ;  and  it 
is  this  motion  which  produces  day  and  night  With  that  side  of  the 
planet  facing  the  sun,  it  is  day ;  and  with  the  opposite  side,  which 
remains  in  darkness,  it  is  night.  Our  earth,  which  we  consider  as  a 
planet,  is  24  hours  in  performing  one  revolution  on  its  axis ;  in  that 
period  of  time,  therefore,  we  have  a  day  and  a  night.  Hence  this  revo- 
lution is  called  the  earth's  diurnal  or  daily  motion ;  and  it  is  this  revo- 
lution of  the  earth  from  west  to  east  which  produces  an  apparent  motion 
of  the  sun,  moon,  and  stars  in  the  contrary  direction. 


Section  II. — On  the  Planets. 

The  Planets  are  distinguished  into  primary  and  secondary.  Thd^e  which 
revolve  immediately  about  the  sun  are  called  primary.  Many  of  these  arc 
attended  in  their  course  by  smaller  planets,  which  revolve  round  them : 
these  are  called  secondary  planets,  satellites,  or  moons.  Such  is  our 
moon,  which  accompanies  the  earth,  and  is  carried  with  it  round  the  sun. 
The  sun  is  the  general  centre  of  attraction  to  onr  system  of  planets  ;  but 
the  satellites  revolve  round  the  primary  planets,  on  account  ol  \S\^Vt 
greater  proximity.    The  force  of  attraction  is  not  on\^  ^to\^t^a»i»^  \» 
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the  quantity  of  matter,  but  to  the  degree  of  proximity  of  the  attracting 
body.  This  power  being  weakened  by  diffusion,  diminishes  as  the  squares 
of  the  distances  increase.  The  square  is  the  product  of  a  number  multi- 
plied by  itself;  so  that  a  planet  situated  »t  twice  the  distance  at  which 
we  are  from  the  sun  would  gravitate  four  times  less  than  we  do,  the  pro- 
duct of  two  multiplied  by  itself  being  four.  The  more  distant  planets, 
therefore,  move  slower  in  their  orbits,  for  their  projectile  force  must  be 
proportioned  to  that  of  attraction.  This  diminution  of  attraction  by  the 
increase  of  distance  also  accounts  for  the  motion  of  the  secondary  round 
the  primary  planets,  in  preference  to  the  sun ;   for  the  vicinity  of  the 

Erimary  planets  renders  their  attraction  stronger  than  that  of  the  sun. 
lut  since  the  attraction  between  bodies  is  mutual,  the  primary  planets  are 
also  attracted  by  their  satellites.  The  moon  attracts  the  earth,  as  well  as 
the  earth  the  moon  ;  but  as  the  latter  is  the  smaller  body,  her  attraction 
is  proportionally  less.  The  result  is,  that  neither  the  earth  revolves 
round  the  moon,  nor  the  moon  round  the  earth ;  but  they  both  revolve 
round  a  point,  which  is  their  common  centre  of  gravity,  and  which  is 
as  much  nearer  the  earth  than  the  moon,  as  the  weight  of  the  former 
exceeds  that  of  the  latter.  It  has  been  already  stated  (p.  xix.)  that  if 
two  bodies  were  fastened  together  by  a  wire  or  bar,  their  common  centre 
of  gravity  would  be  in  the  middle  of  the  bar,  provided  the  bodies  were 
of  equal  weight ;  and  if  they  differed  in  weight,  it  would  be  nearer  the 
larger  body.  Attraction  is  the  tie  which  unites  the  earth  and  moon ; 
and  if  these  bodies  had  no  projectile  force  which  prevented  their  mutual 
attraction  from  bringing  them  together,  they  would  meet  at  their  common 
centre  of  gravity. 

The  earth  then  has  three  different  motions :  it  revolves  round  the  sun, 
upon  its  axis,  and  round  the  point  towards  which  the  moon  attracts  it ; 
and  this  is  the  cose  with  every  planet  which  is  attended  by  satellites.  The 
complicated  effect  of  this  variety  of  motions  produces  certain  irregularities, 
which,  however,  it  is  not  necessary  to  notice  at  present.  The  planets  act 
on  the  sun  in  the  same  manner  as  they  are  themselves  acted  on  by  their 
satellites  ;  but  the  gravity  of  the  planets  (even  when  taken  collectively)  is 
so  trifling  compared  with  that  of  the  sun,  that  they  do  not  cause  the  latter 
to  move  so  much  as  one-half  of  its  diameter.  The  planets  do  not,  there- 
fore, revolve  round  the  centre  of  the  sun,  but  round  a  point  at  a  small 
distance  from  its  centre,  about  which  the  sun  also  revolves.  The  sun 
also  revolves  on  his  axis.  This  motion  is  ascertained  by  observing  certain 
spots  which  disappear  and  re-appear  regularly  at  stated  times. 

The  great  distance  of  the  planets  renders  their  motion  apparently  so 
slow,  that  the  eye  is  not  sensible  of  their  progress  in  their  orbit,  unless 
we  watch  them  for  some  considerable  length  of  time :  in  different  seasons 
they  appear  in  different  parts  of  the  heavens.  The  most  accurate  idea 
which  can  be  given  of  the  situation  and  motion  of  the  planets  will  be 
by  the  examination  of  the  diagram  {fig,  5),  representing  the  solar  system, 
in  whicU  the  principal  planets,  with  their  orbits,  are  delineated.  The  sun 
is  in  the  common  centre  of  the  whole,  but,  to  avoid  confusion  in  the  figure, 
he  is  not  represented. 

Tlie  orbits  of  the  planets  are  so  nearly  circular,  and  the  common  centre 
of  gravity  of  the  solar  system  so  near  the  centre  of  the  sun,  that  these 
deviations  are  not  noticed  in  the  diagram.  The  dimensions  of  the  pla- 
nets, in  their  true  proportions,  will  be  found  delineated  \n  Jig,  6:  the 
signs  annexed  to  them  are  those  used  to  represent  the  planets,  which  are 
also  used  in  Jig,  L 
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Fig.  5. 


Fig.^. 


Mercurv  is  the  planet  nearest  the  sun :  his  orbit  is  consequently  con- 
tained within  ours ;  but  his  vicinity  to  the  sun  occasions  his  being  nearly 
lost  in  the  brilliancy  of  his  rays ;  and  when  we  see  this  planet*  the  sun  is 
so  dazzling,  that  very  accurate  observations  cannot  be  made  upon  him. 
He  performs  his  revolution  round  the  sun  in  about  87  days,  which  it 
consequently  the  length  of  his  year ;  the  time  of  his  rotation  on  his  axis 
is  not  accurately  known ;  his  distance  from  the  sun  19  computed  to  be 
37  millions  of  miles,  and  his  diameter  3,224  mHea.  The  heat  or  this  planet 
is  so  great,  that  water  cannot  exist  there  but  in  %  vltaliA  ot  nv^ivas^  v>A> 
metals  would  be  liquefied. 


INTRODUCTION  TO  ASTRONOMY. 

Venus,  tbe  next  in  the  order  of  planets,  is  68  millions  of  miles  from  the 
sun ;  she  revolves  about  her  axis  in  23  hours  and  21  minutes,  and  g'oes 
round  the  sun  in  224  days  17  hours.  The  diameter  of  Venus  is  7,687 
miles.  The  orbit  of  Venus  is  within  ours;  during  nearly  one-half  of 
her  course  in  it  we  see  her  before  sunrise,  and  she  is  called  the  momtng- 
star ;  in  the  corresponding  part  of  her  orbit,  on  the  other  side,  she  rises 
later  than  the  sun.  We  then  cannot  see  her  rising,  as  she  rises  in  the 
daytime ;  but  she  also  sets  later ;  so  that  we  perceive  her  approaching^  the 
horizon  afler  sunset :  she  is  then  called  Hesperus,  or  the  evening-star. 

The  planet  next  to  Venus  is  the  Earth,  of  which  we  shall  soon  speak  at 
full  length ;  at  present  we  shall  only  observe,  that  we  are  9^  millions  of 
miles  distant  from  the  sun — that  we  perform  our  annual  revolution  in 
365  days,  5  hours,  and  49  minutes — and  are  attended  in  our  course  by  a 
single  moon. 

Then  follows  Mars.  He  can  never  come  between  us  and  the  sun,  like 
Mercury  and  Venus ;  his  motion  is,  however,  very  perceptible,  as  he  may 
be  traced  to  different  situations  in  the  heavens  ;  his  distance  from  the  sun 
is  144  millions  of  miles ;  he  turns  on  his  axis  in  24  hours  and  39  minutes ; 
and  he  performs  his  annual  revolution  in  about  687  of  our  days :  his 
diameter  is  4,189  miles.  Then  follow  four  very  small  planets — Juno, 
Ceres,  Pallas,  and  Vesta,  which  have  been  recently  discovered,  but  whose 
dimensions  and  distances  from  the  sun  have  not  been  very  accurately 
ascertained. 

Jupiter  is  next  in  order.  This  is  the  largest  of  all  the  planets  ;  he  is 
about  490  millions  of  miles  distant  from  the  sun,  and  completes  his  annual 
period  in  nearly  twelve  of  our  years ;  he  revolves  on  his  axis  in  about  ten 
hours ;  he  is  above  1,400  times  as  large  as  our  earth,  his  diameter  being 
89,170  miles.  The  respective  proportions  of  the  planets  cannot  therefore, 
you  see,  be  conveniently  delineated  in  a  diagram.  He  is  attended  by 
four  moons* 

The  next  planet  is  Saturn,  whose  distance  from  the  sun  is  about  900 
millions  of  miles.  His  diurnal  rotation  is  performed  in  ten  hours  and  a 
quarter ;  his  annual  revolution  in  nearly  thirty  of  our  years ;  his  dia- 
meter is  79,000  miles.  This  planet  is  surrounded  by  a  luminous  ring,  the 
nature  of  which  astronomers  are  much  at  a  loss  to  conjecture :  he  has 
seven  moons. 

Lastly,  we  observe  the  Georgium  Sidus,  discovered  by  Dr.  Herschel, 
and  which  is  attended  by  six  moons.  His  numerous  moons  are,  however, 
far  from  making  so  splendid  an  appearance  as  ours ;  for  they  can  reflect 
only  the  light  which  they  receive  from  the  sun  ;  and  both  light  and  beat 
decrease  in  the  same  ratio  or  proportion  to  the  distances  as  gravity ; — 
consequently  Saturn,  which  is  at  nearly  ten  times  the  distance  at  which 
we  are  from  the  sun,  has  a  hundred  times  less  heat  and  light.  To  us 
such  a  climate  would  not  be  habitable  ;  but  this  furnishes  no  argument 
against  the  supposition  that  these  planets  are  worlds,  peopled  with  beings 
whose  bodies  are  adapted  to  the  various  temperatures  and  elements  in 
which  they  are  situated.  Whether  we  judge  from  the  analogy  of  our  own 
earth,  or  from  that  of  the  gpreat  and  universal  beneficence  of  Providence, 
we  may  reasonably  conjecture  this  to  be  the  case :  and  an  inhabitant  of 
Mercury  might  with  as  much  plausibility  pity  us  for  the  intense  coldness 
of  our  situation,  or  those  of  Jupiter  and  Saturn  for  our  intolerable  heat, 
as  we  can  draw  any  inferences  against  their  existence,  from  the  circum- 
stance that  we,  constituted  as  we  are,  could  not  live  there. 

Comets  are  supposed  to  be  planets.    The  re-appearance  of  some  of 
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them  at  stated  times  proves  that  they  revolve  round  the  sun ;  but  in  orbits 
so  extremely  eccentric,  and  running  to  such  a  distance  from  the  sun,  that 
they  disappear  for  a  great  number  of  years.  If  they  are  inhabited,  it  must 
be  by  a  species  of  beings  very  different,  not  only  from  the  inhabitants  of 
this,  but  from  those  of  any  of  the  other  planets,  as  they  must  experience 
the  greatest  vicissitudes  of  heat  and  cold :  their  heat  in  that  part  of  their 
orbit  nearest  the  sun  is  computed  to  be  greater  than  that  of  red-hot  iron. 
In  this  part  of  its  orbit  the  comet  emits  a  luminous  vapour,  called  the  tail, 
whicli  it  gradually  loses  as  it  recedes  from  the  sun  ;  and  the  comet  itself 
totally  disappears  from  our  sight  in  the  more  distant  parts  of  its  orbit, 
which,  in  most  cases,  extends  considerably  beyond  that  of  the  furthest 
planet. 

The  number  of  comets  belonging  to  our  system  cannot  be  ascertained, 
as  some  of  them  are  several  centuries  before  they  make  their  re-appear- 
ance. The  number  that  are  known  by  their  regular  re-appearance  is  very 
small. 

The  ancients,  in  order  to  recognise  the  fixed  stars,  formed  them  into 
groups,  to  which  they  gave  the  names'  of  the  figures  delineated  on  the 
celestial  globe.  In  order  to  show  their  proper  situations  in  the  heavens, 
they  should  be  painted  on  the  internal  surface  of  a  hollow  sphere,  from 
the  centre  of  which  you  should  view  them :  you  would  then  behold  them 
as  they  appear  to  be  situated  in  the  heavens.  The  twelve  constellations, 
called  the  Signs  of  the  Zodiac,  are  those  which  are  so  situated,  that  the 
earth  in  its  annual  revolution  passes  directly  between  them  and  the  sun. 
Their  names  are — ^Aries,  the  Ram ;  Taurus,  the  Bull ;  Gemini,  the 
Twins  ;•  Cancer,  the  Crab ;  Leo,  the  Lion  ;  Virgo,  the  Virgin ;  Libra, 
the  Balance;  Scorpio,  the  Scorpion;  Sagittarius,  the  Archer;  Capri- 
cornus,  the  Wild  Goat ;  Aquarius,  the  Water-carrier ;  Pisces,  the  Fishes : 
the  whole  occupying  a  complete  circle,  or  broad  belt,  in  the  heavens, 
called  the  Zodiac  (Jig>  7).  Hence,  a  right  line  drawn  from  the  earth, 
and  passing  through  the  sun,  would  reach  one  of  these  constellations,  and 
the  sun  is  said  to  be  in  that  constellation  at  which  the  line  terminates. 
Thus  when  the  earth  is  at  A,  the  sun  would  appear  to  be  in  the  constella^ 
tion  or  sign  Aries ;  when  the  earth  is  at  B,  the  sun  would  appear  in 
Cancer ;  when  the  earth  was  at  C,  the  sun  would  be  in  Libra ;  and 
when  the  earth  was  at  D,  the  sun  would  be  in  Capricorn.  This  circle, 
in  which  the  sun  thus  appears  to  move,  and  which  passes  through  the 
middle  of  the  Zodiac,  is  called  the  Ecliptic. 

We  have  no  means  of  ascertaining  the  distance  of  the  fixed  stars. 
When  therefore  they  are  said  to  be  in  ^he  Zodiac,  it  is  merely  implied  that 
thoy  are  situated  in  that  direction,  and  that  they  shine  upon  us  through 
that  portion  of  the  heavens  which  we  call  the  Zodiac. 

Whether  the  apparent  difference  of  size  and  brilliancy  of  the  stars 
proceed  from  their  various  degrees  of  remoteness,  or  of  dimension,  is  a 
point  which  astronomers  are  not  enabled  to  ascertain.  Considering  them 
as  suns,  we  know  no  reason  why  they  should  not  vary  in  size,  as  well  as 
the  planets  belonging  to  them 

It  may  perhaps  be  objected  to  this  system  of  the  universe,  that  it  is 
directly  in  opposition  to  the  evidence  of  our  senses,  to  which  it  is  plain 
and  obvious  that  the  earth  is  motionless,  and  that  the  sun  and  stars  revolve 
round  it.  But  our  senses,  or  at  least  the  inferences  we  draw  from  them, 
too  oflen  mislead  us,  for  us  to  place  implicit  reliance  on  them.  When 
sailing  on  the  water  with  a  very  steady  breeze,  tlie  houses^  tce«&«%xiii??i«r| 
object  appear  to  moTe,  whilst  we  are  inseoiibla  of  ^«  mo\iou  ia&  ^% 
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vessel  in  which  we  uil.  It  Is  only  when  some  obstacle  impedes  oui 
rMIhhi  Ihat  we  are  conscious  of  moving  ;  and  were  you  to  close  your  eyes 
while  Bailing  on  calm  water,  with  &  steaidy  wind,  you  would  not  perceive 
that  you  moved,  fbr  you  could  not  feel  it,  and  you  could  see  it  only  by 
oboervinff  the  change  of  place  of  the  objects  on  shore.  So  it  is  with  the 
motion  of  the  earth:  every  thln^  on  its  surface,  and  the  air  that  sunounds 
it,  accompanies  it  in  its  revolution — it  meets  with  no  resistance,  therefore 
we  are  insensible  of  motion. 

The  apparent  motion  of  the  sun  and  stars  affords  us  the  same  proof  of 
the  earth's  motion  that  the  crew  of  a  vessel  has  of  their  motion  from  the 
apparent  motion  of  the  objects  on  shore.  Imagine  the  earth  to  be  sailing 
round  its  axis,  and  successively  passing  by  every  star,  which,  like  the 
objects  on  t&tid,  we  suppose  to  be  moving,  instead  of  ourselves.  In 
balloons,  the  earth  appears  to  sink  beneath  the  balloon,  instead  of  the 
balloon  rising  nbove  the  earth. 

It  is  a  law  which  we  discover  throughout  Nature,  and  worthy  of  its' 
gireat  Author,  that  all  Its  purposes  are  accomplished  by  the  most  simide 
means.  We  have  no  reason  to  suppose  this  law  infringed,  in  order  that 
our  earth  may  remain  at  rest,  while  the  sun  and  stars  move  rouud  us : 
their  regular  motions,  which  are  explained  by  the  laws  of  attraction  on 
the  Ant  supposition,  would  be  uuinteUigible  on  the  last,  and  the  order  and 
harmony  of  the  universe  be  destroyed.  What  an  immense  circuit  the  sun 
and  stars  would  make  daily,  were  their  apparent  motions  real !  We  know 
raatxy  of  them  to  be  bodies  more  considerable  than  our  earth ;  for  our  eyes 
vainly  endeavour  to  persuade  us,  that  they  ara  little  brilliants  sparkling  in 
Hie  btarvna,  while  science  leaches  ua  that  Vaxy  aie  immense  spheres, 
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whoM  apparent  dimenBions  are  diminished  by  distance.  If  the  heavenly 
bcMlien  revolved  round  our  earth  in  twenty-four  hours,  the  centrifugal  force 
im filled  in  so  rapid  a  motion  would  be  quite  destructive,  and  no  power 
cfin  be  assigned  which  would  be  sufficient  to  balance  it;  grindstones 
driven  by  machinery  in  manufactories  have  been  known  to  fly  in  pieces 
from  their  great  velocity.  Why  then  should  these  enormous  globes  tra- 
verse sucli  an  immensity  of  space,  merely  to  prevent  the  necessity  of  our 
earth  revolving  on  its  axis  ?  The  motion  produced  by  the  revolution  of 
the  earth  on  its  axis  is  about  thirteen  miles  and  a  half  a  minute  to  an 
inhabitant  of  London.  A  person  at  the  equator  moves  much  quicker; 
and  one  situated  near  the  poles  much  slower,  since  they  each  perform 
a  revolution  in  twenty-four  hours.  But  in  performing  its  revolution 
round  the  sun,  every  part  of  the  earth  moves  with  an  equal  velocity,  and 
this  velocity  is  no  less  than  a  thousand  miles  a  minute. 

In  ancient  times,  the  earth  was  supposed  to  occupy  the  centre  of  the 
system ;  and  the  sun,  moon,  and  stars  to  revolve  round  it.  This  was  the 
system  of  Ptolemy ;  but  so  long  ago  as  the  beginning  of  the  sixteenth 
century  it  was  discarded,  and  the  solar  system,  such  as  we  have  shown, 
was  established  by  the  celebrated  astronomer  Copernicus  and  his  fol- 
lowers, and  18  hence  called  the  Copernican  system.  But  the  theory  of 
gravitation,  the  discovery  of  the  source  whence  this  beautiful  and  har- 
monious arrangement  flows,  we  owe  to  the  powerful  genius  of  Sir  Isaac 
Newton,  who  lived  at  a  much  later  period. 

It  is  far  less  difficult  to  trace  by  observation  the  motion  of  the  planets, 
than  to  divine  by  what  power  they  are  impelled  and  guided.  The  idea  of 
gravitation,  it  is  said,  was  first  suggested  to  Sir  Isaac  Newton  by  a  cir- 
cumstance from  which  one  should  little  have  expected  so  grand  a  theory 
to  have  arisen.  During  the  prevalence  of  the  plague  in  the  year  1665, 
Newton  retired  into  the  country  to  avoid  the  contagion.  When  sitting 
one  day  in  his  orchard,  he  observed  an  apple  fall  from  a  tree,  which  led  to 
a  train  of  thought,  whence  his  grand  theory  of  universal  gravitation 
was  ultimately  developed.  His  first  reflection  was,  whether  tlie  apple 
would  fall  to  the  earth  if  removed  to  a  great  distance  from  it ;  then,  how 
far  it  wouki  be  required  to  be  removed  from  the  earth,  before  it  would 
cease  to  be  attracted  ;  would  it  retain  its  tendency  to  fall  at  the  distance 
of  a  thousand  miles,  or  ten  thousand,  or  to  the  distance  of  the  moon  ? — 
and  here  the  idea  occurred  to  him  that  it  was  not  impossible  that  the  moou 
herself  might  have  a  similar  tendency,  and  gravitate  to  the  earth  in  the 
same  manner  as  the  bodies  on  or  near  its  surface,  and  that  this  gravity 
might  possibly  be  the  power  which  balanced  the  centrifugal  force  implied 
in  her  motion  in  her  orbit.  It  was  then  natural  to  extend  this  idea  to  the 
other  planets,  and  consider  them  as  gravitating  towards  the  sun,  in  the 
same  manner  as  the  moon  gravitates  towards  the  earth.  He  followed  up 
this  beautiful  hypothesis  by  a  series  of  calculations  and  demonstrations, 
unparalleled  for  their  originality,  and  the  industry  and  judgment  wiih 
which  they  were  conducted,  until  he  established  the  stupendous  doctrine 
of  universal  gravitation !  Who  would  imagine  that  the  simple  circum- 
stance of  the  Ml  of  an  apple  would  have  led  to  such  magnificent  results  ? 
It  is  the  mark  of  superior  i^nius  to  find  matter  for  observation  and  re- 
search in  circumstances  which,  to  the  ordinary  mind,  appear  trivial, 
because  they  are  common,  and  with  which  they  are  satisfied  because  they 
are  natural,  without  reflecting  that  Nature  is  our  grand  field  of  observa- 
tion—that within  it  is  contained  our  whole  store  of  knowled^\  \u%^w^ 
that  to  atudy  the  work*  ot'  Nature^  ia  to  learn  to  appt^ciaAA  %kA  %j^^i^ 
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the  wisdom  of  God.    Thus,  it  was  the  simple  circumstaDce  of  the  Tall  of 

an  apple  which  led  lo  the  discovery  of  tlie  laws  iipoo  which  the  Coper- 


befoie,  it  D 


_j  fouuded ;  and  whatever  credit  thia  aystem  had  obtained 
«  rests  upOQ  a  basis  from  which  it  cannot  be  ahnkeu. 


Section  III. — On  the  Earth. 
As  itw  Earth  is  the  planet  in  which  we  are  Ihe  most  particularly  inte- 
rested, we  shall  explain  the  eOects  resulUng  from  its  nnaual  and  diurnal 
motions ;  but  for  this  purpose  it  will  be  necessary  to  make  yon  acquainted 
with  the  terrestrial  globe.  This  globe,  or  sphere  (_fig.  8),  represents  llie 
earth.  The  line  which  passes  tbrongb  its  centre,  and  on  which  it  turita. 
Fig.  a. 


is  called  its  axis ;  and  the  two  extremities  of  the  axis,  A  and  B,  are  the 
poles  distinguished  by  the  names  of  the  north  and  the  south  pole.  The 
circle,  C  D,  which  divides  the  globe  into  two  equal  parts  between  tiic 
poles,  is  called  the  equator,  or  equinoctial  line ;  that  part  of  the  globe  to 
the  north  of  Ihe  equator  is  the  northern  hemisphere  ;  that  part  to  the  soulh 
of  the  equator,  the  sonlhem  hemisphere.  The  small  circle,  E  F,  which 
surrounds  the  north  pole,  is  called  the  arctic  circle ;  that,  Q  H,  surround- 
ing the  south  pole,  the  antarctic  circle.  There  are  two  intermediate 
circles  between,  the  polar  circles  and  the  equator, — that  to  the  north,  I  K. 
called  the  tropic  of  Cancer ;  that  to  the  south,  L  M,  called  the  tropic  of 
Capricorn.  Lastly,  this  circle,  L  K,  which  divides  the  globe  into  two 
equal  parts,  crossing  the  equator,  and  extending  northward  as  fur  as  tlie 
tropic  of  Cancer,  and  southward  as  far  as  the  tropic  of  Capricorn,  is  called 
Ihe  ecliptic.  The  delineation  of  the  ecliptic  on  the  terrestrial  globe  is  not 
without  danger  of  conveying  false  ideas  ;  for  the  ecliptic  (as  has  before 
been  said)  is  an  imaginary  circle  in  tlie  heavens,  passins  through  the 
middle  of  the  zodiuc,  and  situated  in  the  plane  of  the  earth  s  orbit. 

In  order  to  understand  the  meaning  of  the  plane  of  the  earth's  orbit,  let 
us  suppose  a  smooth,  thin,  solid  plane  cutting  the  sun  through  the  cent», 
extending  out  as  far  as  the  fixed  stars,  and  terminating  in  a  circle,  which 
JMBMS  ihrougta  the  middle  of  the  zodiac     In  this  plane  the  earth  moves 
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B  rerolntion  round  the  sun :  it  is  thererore  called  the  plane  of  ibe 
's  otbil ;  anil  llie  circle  in  which  this  plaue  culs  llie  Bif^ns  of  llie 
ic  ia  the  ecliptic.  Ltt^g,  9' le present  such  a  plane,  S  the  sun, 
e  earth  with  its  orbit,  and  A  B  C  1>  tlie  ecliptic  pasBJug  through  the 

Fig.  9. 


middle  of  the  zodiac.  Tlierefore  the  ecliptic  relate*  only  to  the  heavens ; 
Imt  it  is  de>cribed  npon  the  terrestrial  globe  to  facilitate  the  demoiisiraliim 
of  a  variety  of  prohlcms  in  the  use  of  the  globes  ;  and  besides,  the  ob- 
liquity of  this  circle  to  the  equator  is  rendered  more  conspicuoua  liy  its 
l)cin^  described  on  the  same  {rjobe ;  and  the  obliquity  of  the  ecliptic 
shows  the  inclination  of  the  earth's  axiH  to  the  plane  of  its  orbit.  But  to 
return  to^.  9. 

The  spaces  between  the  several  parallel  circles  on  the  terrestrial  globe 
are  called  zones ;  that  which  ia  comprehended  between  the  tropics  ia  dis- 
tinguished by  the  name  of  the  torrid  zone;  the  spaces  which  extend  from 
the  tropics  to  the  polar  circles,  the  north  and  south  temperate  zones  ;  and 
the  spaces  conlniiicd  within  the  polar  circles,  the  frigid  zones. 

The  several  lines  which,  you  observe,  are  drawn  from  one  pole  to  the 
other,  cuttini;  the  etpiator  at  right  angles,  are  called  meridians.  When 
any  one  of  these  meridians  is  exuctly  opposite  the  sun,  it  is  mid-day,  or 
twelve  o'clock  in  the  day,  with  all  the  places  Kituated  on  that  meridian  ; 
and,  with  the  places  situated  on  the  opposite  meridian,  it  h  coiiseiiuently 
midnight.  To  places  situated  equally  distant  from  these  two  meridians, 
it  is  six  o'clock.  If  they  are  to  the  cast  of  the  aun'n  Tnend,\«n,'U-u  m. 
o'clock  in  the  afternoon,  lwc«uar  ibe  sun  will  h«ir«  pte>i\oa«\^  ^at.«ft&  tntt 
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them ;  if  to  the  west,  it  is  six  o'clock  in  the  moniing,  and  the  siiu  will  be 
proceeding  towards  that  meridian. 

Those  circles  which  divide  the  globe  into  two  equal  parts,  auch  as  the 
equator  and  the  ecliptic,  are  called  great  circles — to  disting^uiah  ttiem  from 
those  which  divide  it  into  two  unequal  parts,  as  the  tropics  and  polar 
circles,  which  are  called  small  circles.  All  circles  are  divided  into  360 
equal  parts,  called  degrees ;  and  these  degrees  into  60  equal  parts,  called 
minutes.  The  diameter  of  a  circle  is  a  right  line  drawn  across  it,  and 
passing  through  the  centre ;  the  diameter  is  equal  to  a  little  leas  than 
one-third  of  the  circumference,  and  consequently  contains  a  length  equal 
to  nearly  120  degrees,  or  more  accurately,  about  114j^  degrees,  of  the  circle 
itself.  A  meridian,  reaching  from  one  pole  to  the  other,  is  half  a  circle, 
and  tlierefore  contains  180  degrees ;  and  the  distance  from  the  equator  to 
the  pole  is  half  of  a  meridian,  or  a  quarter  of  the  circumference  of  a  circle, 
and  contains  90  degrees. 

Besides  the  usual  division  of  circles  into  degrees,  the  ecliptic  is  divided 
into  twelve  equal  parts,  called  signs,  which  bear  the  name  of  the  conatella- 
tions  through  which  this  circle  passes  in  the  heavens.  The  degrees  mea. 
sured  on  the  meridians  from  north  to  south,  or  south  to  north,  are  called 
degrees  of  latitude ;  tliose  measured  from  east  to  west  on  the  equator,  or 
any  of  the  lesser  circles  parallel  to  it,  are  called  degrees  of  longitude ; — 
these  lesser  circles  are  called  parallels  of  latitude,  because  being  every 
where  at  the  same  distance  from  the  equator,  the  latitude  of  every  point 
contained  in  any  one  of  them  is  the  same. 

The  degrees  of  longitude  must  necessarily  vary  in  length  according  to 
the  dimensions  of  tlie  circle  on  which  they  are  reckoned :   those,  for 
instance,  at  the  ])olar  circles,  will  be  considerably  smaller  than  those  at 
the  e(iiiutor.     The  degrees  of  latitude,  on  the  contrary,  never  vary  in 
length,  the  meridians  on  which  they  are  reckoned  being  all  of  the  same 
dimensions.     The  length  of  a  degree  of  latitude  is  60  geographical  miles, 
which  is  equal  to  69j^  English  statute  miles.     The  degrees  of  longitude 
at  the  equator  would  be  of  the  same  dimensions  were  the  earth  a  perfect 
s[)herc ;    but   its  form    is  not  exactly  spherical,    being  somewhat   pro- 
tuberant about  the  equator,  and  flattened  towards  the  poles.     This  form 
l)roceeds  from  the  superior  action  of  the  centrifugal  power  at  the  equator. 
The  revolution  of  the  earth  on  its  axis  g^ves  every  particle  a  tendency  to 
fly  off  from  the  centre.     This  tendency  is  stronger  or  weaker  in  proportion 
to  the  velocity  with  which  the  particle  moves.     Now  a  particle  situated 
near  one  of  the  polar  circles  makes  one  rotation  in  the  same  space  of 
time  as  a  particle  at  the  equator ;  the  latter,  therefore,  having  a  much 
larger  circle  to  describe,  travels  proportionally  faster,  consequently  the 
centrifugal  force  is  much  stronger  at  the  equator  than  at  the  polar  circles : 
it  gradually  decreases  as  you  leave  the  equator  and  approach  tlie  poles, 
where,  as  there  is  no  rotatory  motion,  it  entirely  ceases.     Supposing, 
therefore,  the  earth  to  have  been  originally  in  a  fluid  state,  the  parUcles 
in  the  torrid  zone  would  recede  much  farther  from  the  centre  than  those  in 
the  frigid  zones :   thus  the  polar  regions  would  become  flattened,  and 
those  about  the  equator  elevated.     According  to  the  same  rule,  our  heads 
move  with  greater  velocity  than  our  feet ;  and  on  the  summit  of  a  moun- 
tain, our  velocity  is  greater  than  in  a  valley  ;    for  the  head  is  more  distant 
from  the  centre  of  motion  than  the  feet — the  mountain-top  than  the  valley. 
Even  at  the  equator,  however,  the  force  of  gravity  preponderates  very 
considerably,  being  at  the  equator  288  times  greater  than  the  centrifugal 
force. 
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It  would  be  uatiiral  to  BupiH)se  tliat  the  prominence  at  the  equator  and 
depression  at  the  poles  would  render  the  attraction  of  gravity  stronger  at 
the  former, -BO  that  a  body  would  weigh  heavier  at  the  equator  than  ut  the 
poles.  ThiSy  however,  is  erroneous.  The  manner  in  which  the  force  of 
gravity  varies  at  different  spots  on  the  surface  of  the  earth  depeuds  on 
considerations  too  complicated  to  be  here  explained ;  but  the  genend 
result  is  that,  although  the  diflereuce  in  different  situations  is  very  smull, 
the  nearer  any  port  of  the  surface  is  to  the  centre  of  attraction,  the  more 
strongly  it  is  attracted.  We  refer,  however,  only  to  any  situation  on  the 
surface  of  the  earth.  Were  you  to  penetrate  into  the  interior,  the  attrac- 
tion of  the  parts  above  you  would  counteract  that  of  the  parts  beneath 
you,  and  consequently  duninish  the  power  of  g^vity  in  proportion  as  you 
approached  the  centre ;  and  if  you  reached  that  point,  l)eing  equally 
attractcfi  by  the  parts  all  around  you,  gravity  would  cease,  and  yuu  would 
l>e  without  weight.  Dudies  therefore  gravitate  less,  and  consequently 
weigh  less,  at  the  equator  than  at  the  poles,  while  their  centrii'iigal  force 
is  much  greater ;  and  as  this  force  tends  to  drive  bodies  from  the  centre, 
it  is  necessarily  opposed  to,  and  must  decrease  the  power  of  gravity. 
There  are  then  two  causes  which  render  bo<lies  lighter  in  weiglit  at  the 
ccpiator  than  at  the  poles:  the  diminution  of  gravitation,  and  the  increase 
of  the  centrifugal  Ibrce.  Men  of  science  have  travelled  both  to  the  equator 
and  to  Lapland,  with  a  view  of  ascertaining  this  fact.  The  severity  of  the 
climate  and  the  obstruction  of  ice  has  hitherto  rendered  every  attempt  to 
reach  the  pole  abortive ;  but  the  difference  of  weight  of  a  body  at  the 
equator  and  in  Lapland  is  very  considerable. 

This  difference  cannot  be  discovered  by  simply  weighing  bodies ;  for  if 
the  body  under  trial  at  the  equator  decreased  in  weight,  the  weight  which 
was  opposed  to  it  in  the  opposite  scale  must  diminish  in  the  same  propor- 
tion. For  instance,  if  a  pound  of  sugar  did  not  wei^^h  so  heavy  at  the 
cqimtor  as  at  the  poles,  the  leaden  pound  which  served  to  weigh  it  would 
not  be  so  heavy  either  ;  therefore  they  would  still  balance  each  other.  A 
pendulum  is  the  instrument  used  for  the  purpose  of  discovering  the  varia- 
tions of  gravity  in  different  situations  on  the  surface  of  the  caKh.  A  pen- 
dulum consists  of  a  line,  or  rod,  to  one  end  of  which  a  weight  is  attached, 
and  it  is  suspended  by  the  other  to  a  fixed  point,  about  which  it  is  made 
to  \ibrate.  Without  being  put  in  motion,  a  pendulum,  like  a  plumb-lino, 
hangs  perpendicular  to  the  general  surface  of  the  earth,  by  which  it  is 
attracted  ;  but  if  you  raise  a  pendulum  on  one  side,  gravity  \\'\\\  brinp:  it 
back  to  its  perpendicular  position.  It  will,  however,  not  remain  sta- 
tionary there,  for  the  velocity  it  has  received  during  its  descent  ^^'\\\  impel 
it  onwards,  and  it  will  rise  on  the  opposite  side  to  an  equal  heii^ht:  from 
thence  it  is  bmuglit  back  by  gravity,  an<I  again  driven  by  the  impulse  of 
its  velocity.  Were  the  motion  of  a  pendulum  not  opposed  by  the  resist- 
ance of  the  air  in  which  it  vibrates,  and  by  the  friction  of  the  part  by  which 
it  is  suspended,  it  would  be  perpetual ;  and  were  the  force  of  gravity 
which  produces  these  vibrations  always  the  same,  they  would  he  (Terfectly 
regular,  being  of  equal  distances  and  performed  in  equal  times.  This  is 
the  natural  result  of  the  uniformity  of  the  power  which  produces  these 
vibrations :  the  force  of  gravity  being  always  the  same,  the  velocity  of  the 
pendulum  must  consequently  be  uniform.  But  if  the  force  of  gravity  is 
less  at  the  equator  than  at  the  poles,  the  vibrations  of  the  pendulum  will 
be  slower. 

It  was  thus  that  the  difference  of  gravity  was  discoveied^  «^tv^  ^^  V(\\^ 
figure  of  the  earth  ascertained;  for  after  having  made  due  «\\o7i%».^^  ^^x 
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the  efiect  of  the  centrifugal  force,  gravity  was  still  found  to  be  greater  in 
the  polar  than  in  the  equatorial  regions,  owiug  to  the  spheroidal  figure  of 
the  earth.  If  then  a  pendulum  vibrates  faster  at  the  poles  and  slower  at 
the  equator,  the  inhabitants  must  regulate  their  clocks  in  a  diflferent 
manner  from  ours,  in  which  the  pendulum  vibrates  once  in  a  second 
of  time.  The  only  alteration  required  is  to  lengthen  the  pendulnni 
in  one  case,  and  to  shorten  it  in  the  other;  for  the  velocity  of  the  vibra* 
tions  of  a  pendulum  depends  on  its  length }  and  when  it  is  said  thai  a 
pendulum  at  the  pole  vibrates  quicker  than  one  at  the  equator,  it  is  sup* 
posing  them  both  to  be  of  the  same  length.  A  pendulum  which  vibimtes 
a  second  in  this  latitude  is  rather  more  than  39  inches  in  length.  In 
order  to  vibrate  at  the  equator  in  the  same  space  of  time,  it  must  be 
shortened  by  a  few  lines;  and  at  the  poles,  it  must  be  propoftionally 
lengthened. 

We  shall  now  explain  the  variation  of  the  seasons,  and  the  difference 
of  the  length  of  the  days  and  nights  in  those  seasons — both  effects 
resulting  from  the  same  cause.  In  moving  round  the  sun,  the  axis  of  the 
earth  is  not  perpendicular  to  the  plane  of  its  orbit ;  in  other  wcwds,  its 
axis  does  not  move  round  the  sun  in  an  upright  position,  but  slanting  or 
oblique.  This  you  will  understand  more  clearly  if  you  carry  a  small  globe 
round  a  lamp  or  caudle,  which  is  to  represent  the  sun  (Jig,  10).     You 

Fig,  10. 


must  consider  the  ecliptic  drawn  on  the  small  globe  as  representing  the 
plane  of  the  earth's  orbit ;  and  the  equator,  which  crosses  the  ecliptic  in 
two  places,  shows  the  degree  of  obliquity  of  the  axis  of  the  earth  in  that 
orbit,  which  is  exactly  23^  degrees.  The  points  in  which  the  ecliptic  in- 
tersects the  equator  are  called  nodes.  The  globe  at  A  is  situated  as  it  is 
in  the  midst  of  summer,  or  what  is  called  the  summer  solstice,  which  is  on 
the  21st  of  June.  The  north  pole  is  then  inclined  towards  the  sun,  and 
the  northern  hemisphere  enjoys  much  more  of  his  rays  than  the  southern. 
The  sun  now  shines  over  the  whole  of  the  north  frigid  zone ;  and  not- 
withstanding the  earth's  diurnal  revolution,  which  may  be  imitated  by 
twirling  the  ball  on  the  wire,  it  will  continue  to  shine  upon  it  as  long  as 
it  remains  in  this  situation,  whilst  the  south  frigid  sone  is  at  the 
tiwe  completely  in  obscurity. 
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Let  the  earth  now  set  off  from  its  position  in  the  summer  solstice,  and 
carry  it  round  the  sun :  observe  that  the  axis  must  be  always  inclined  in 
the  same  direction,  and  the  north  pole  point  to  the  same  spot  in  the 
heavens.  There  is  a  fixed  star  situated  near  that  spot,  which  is  hence 
called  the  North  Polar  Star.  The  earth  at  B  has  gone  through  one 
quarter  of  its  orbit,  and  is  arrived  at  that  point  at  which  the  ecliptic  cuts 
or  crosses  the  equator,  and  which  is  called  the  autumnal  equinox.  The 
Bun  now  shines  from  one  pole  to  the  other,  as  it  would  constantly  do  were 
the  axis  of  the  earth  perpendicular  to  its  orbit,  the  inclination  of  the  axis 
being  now  neither  towards  the  sun  nor  in  the  contrary  direction.  At  this 
period  of  the  year,  the  days  and  nights  are  equal  in  every  part  of  the 
earth,  excepting  at  the  very  poles  ;  but  the  next  step  she  takes  in  her 
orbit  involves  the  north  pole  in  darkness,  whilst  it  illumines  that  of  the 
south.  This  change  was  gradually  preparing  as  the  earth  moved  from 
summer  to  autumn ;  the  arctic  circle  begins  to  have  short  nights,  which 
increase  as  the  earth  approaches  the  autumnal  equinox  ;  and  the  instant 
it  passes  that  point,  thc^  long  night  of  the  north  pole  commences,  and  the 
south  pole  begins  to  enjoy  the  light  of  the  sun.  As  the  earth  proceeds 
in  its  orbit,  the  days  shorten  and  the  nights  lengthen  tliroughout  the 
northern  hemisphere,  until  it  arrives  at  the  winter  solstice,  on  the  21st  of 
December,  when  the  north  frigid  zone  is  entirely  in  darkness,  and  the 
southern  enjoys  uninterrupted  daylight.  Exactly  half  of  the  equator,  it 
will  be  observed,  is  enlightened  in  every  position,  and  consequently  the 
day  is  there  always  equal  to  the  night. 

Observe  that  the  inhabitants  of  the  torrid  zone  have  much  more  heat 
than  we  have,  as  the  sim*s  rays  fall  perpendicularly  on  them,  while  they 
shine  obliquely  on  the  temperate,  and  almost  horizontally  on  the  frigid 
zone ;  for  during  their  long  day,  the  sun  moves  round  at  no  great  eleva- 
tion above  their  horizon  without  either  rising  or  setting ;  the  only  ob- 
servable difference  is,  that  it  is  more  elevated  by  a  few  degprees  at  mid-day 
than  at  midnight ;  but  at  the  poles  themselves,  the  sun  travels  round  in 
the  course  of  four-and- twenty  hours  nearly  at  the  same  elevation  from 
the  horizon,  rising  every  day  a  very  little  higher  from  the  vernal  equinox 
till  midsummer,  and  declining  after  that  period  till  the  autumnal  equinox, 
when  their  long  night  begins. 

To  a  person  placed  in  the  temperate  zone,  as  we  are  in  England,  the 
sun's  rays  will  shine  neither  so  obliquely  as  at  the  poles,  nor  so  vertically 
as  at  the  equator ;  but  will  fall  upon  him  more  obliquely  in  autumn  and 
winter  than  in  summer.  Therefore,  the  inhabitants  of  the  earth  between 
the  polar  circles  and  the  equator  will  not  have  merely  one  day  and  one 
night  in  the  year,  as  happens  at  the  pole ;  nor  will  they  have  equal  days 
and  equal  nights,  as  at  the  equator ;  but  their  days  and  nights  will  vary 
in  length  at  different  times  of  the  year,  according  as  their  respective  poles 
incline  towards  or  from  the  sun,  and  the  difference  will  be  greater  in  pro- 
portion to  their  distance  from  the  equator.  During  the  other  half  of  her 
orbit,  the  same  effect  takes  place  in  the  southern  hemisphere  as  what  we 
have  just  remarked  in  the  northern.  When  the  earth  arrives  at  the 
vernal  equinoi,  D,  where  the  ecliptic  again  cuts  the  equator,  on  the  22nd 
of  March,  she  is  situated,  with  respect  to  the  sun,  exactly  in  the  same  - 
position  as  in  the  autumnal  equinox,  excepting  that  it  is  now  autumn  in 
the  southern  hemisphere,  whilst  it  is  spring  with  us ;  for  the  half  of  the 
globe  which  is  enlightened  extends  exactly  from  one  pole  to  the  other : 
I  he  sun  rises  to  the  north  pole,  and  sets  to  the  south  pole.  Ow  \.Vv^  Vmq 
days  of  the  eqoinox  the  sun  is  visible  at  both  poles  ;  buV  otv\^\\«XI  ol  \V  *>a^ 
seen  from  either,  the  other  half  being  concealed  bj  ii\e  Yioraoii. 
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The  sun  is  nearly  three  of  onr  days  in  rising  and  setting  at  the  poles. 
Abotit  thirty  hours,  or  rather  more,  before  he  reaches  the  exact  period  of 
the  autumnal  equinox,  the  upper  edge  or  limb  of  the  sun  begins  to  be 
visible  at  the  south  pole ;  and  it  is  there  seen  constantly  travelling  round 
the  horizon,  and  rising  gradually  higher  and  higher,  till  at  the  end  of 
obout  sixty  hours,  af\er  revolving  nearly  2^  times  round  the  horicon,  the 
whole  of  its  orb  is  visible. 

At  the  same  moment  that  the  edge  of  the  sun  becomes  visible  at  the 
south  pole,  the  same  edge  which  appears  as  the  lower  limb  at  the  north 
pole  begins  to  dip  below  the  horizon  ;  but  the  sun  still  continues  visible, 
travelling  round  the  horizon,  more  and  more  of  it  being  hid,  till,  at  the 
end  of  sixty  hours,  it  totally  disappears,  just  at  the  same  moment  when  it 
is  fully  seen  at  the  south  pole.  As  the  earth  proceeds  towards  summer, 
the  days  lengthen  in  the  northern  hemisphere,  and  shorten  in  the  southern, 
till  the  earth  reaches  our  summer  solstice,  which  brings  it  agpdn  to  the 
spot  whence  we  first  accompanied  her. 

The  mind  can  find  no  object  of  contemplation  more  sublime  than  the 
course  of  this  magnificent  globe,  impelled  by  the  combined  powers  of  pro- 
jection and  attraction  to  roll  in  one  invariable  course  around  the  source 
of  light  and  heat ;  and  what  can  be  more  delightfiil  than  the  beneficent 
effects  of  this  vivifying  power  on  its  attendant  planet  ?  It  is  at  once  the 
grand  principle  which  animates  and  fecundates  Nature. 

The  sun's  rays  afford  less  heat  when  in  an  oblique  direction  than  when 
perpendicular,  because  fewer  of  them  fall  upon  an  equal  portion  of  the 
earth.  This  will  be  understood  better  by  referring  to^.  11,  which  repre- 
sents two  equal  portions  of  the  sun's  rays,  shining  upon  different  parts  of 

Fig.  11. 


the  earth.  Here  it  is  evident  that  the  same  number  of  rays  fall  on  the 
space  A  B  as  fall  on  tlie  space  B  C  ;  and  as  A  B  is  less  than  B  C,  the 
heat  and  light  will  be  much  stronger  in  the  former  than  in  the  latter. 
A  B,  you  see,  represents  the  equatorial  regions,  where  the  sun  shines  per- 
pendicularly ;  and  B  C  the  temperate  and  frozen  climates,  where  his  rays 
fall  more  obliquely.  This  accounts  also  for  the  greater  heat  of  summer, 
as  the  sun  shines  less  obliquely  in  summer  than  in  winter. 

In/5:.  12.  the  earth  is  represented  as  it  is  situated  on  the  2lst  of  Juno, 
when  England  receives  less  oblique,  and  consequently  a  greater  number 
of  rays  than  at  any  other  season ;  and^g-.  13  shows  the  situation  of  Eng- 
land  on  the  2 1st  of  December,  when  the  rays  of  the  sun  fall  most  obliquely 
upon  her.     But  there  is  also  another  reason  why  oblique  rays  give  less 

•  heat  than  those  which  are  perpendicular ;  the  former  have  a  greater  por- 
Hon  of  the  atmosphere  to  traverse;  and  though  it  is  true  that  the  atmos- 

phere  is  itself  a  transparent  body,  it  does  noV  «Ldm\\.  VW  v^^^^<!i  ^"l  V3ci^ 
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sun's  rays  quite  freely ;  and  besides,  it  is  always  loaded  more  or  less  with 
dense  and  ios^gy  vapour,  which  the  rays  of  the  sun  cannot  easily  penetrate ; 
therefore  the  greater  the  quantity  of  atmosphere  the  sun's  rays  have  to 
pass  through  in  their  way  to  the  earth,  the  fewer  of  them  will  reach  it. 
Tliis  will  be  better  understood  by  referring  to  Jig,  14.  The  dotted  line 
round  the  earth  describes  the  extent  of  the  atmosphere,  and  the  lines  which 
proceed  from  the  sun  to  the  earth,  the  passag'e  of  two  equal  portions  of 
the  sun's  rays  to  the  equatorial  and  polar  regions :  the  latter,  from  its 
greater  obliquity,  passes  through  a  greater  extent  of  atmosphere. 

The  diminution  of  heat,  morning  and  evening,  is  also  owing  to  the 
greater  obliquity  of  the  sun's  rays ;  and,  as  such,  they  are  affected  by 
both  the  causes  which  have  just  been  explained  :  the  difficulty  of  passing 
through  a  foggy  atmosphere  is  more  particularly  applicable  to  them,  as 
mists  and  vapours  are  very  prevalent  about  the  time  of  sunrise  and  sunset. 
But  the  diminished  obliquity  of  the  sun's  rays  is  not  the  sole  cause  of  the 
heat  of  summer ;  the  length  of  the  days  greatly  conduces  to  it ;  for  the 
longer  the  sun  it  above  the  horizon,  the  more  heat  he  will  communicate 

Pig.  14. 
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to  the  earth  ;  and  yet,  thoug:h  both  the  longest  days  and  the  moat  per- 
pendicular rays  are  on  the  21st  of  June,  the  greatest  heat  prevails  in  July 
and  August  To  account  for  this,  you  must  reflect  that  those  parts  of  the 
earth  which  are  once  heated  retain  the  heat  for  a  considerable  length  of 
time  ;  and  the  additional  quantity  they  receive  occasions  an  elevation  of 
temperature,  although  the  days  begin  to  shorten,  and  the  sun's  rays  to 
full  more  obliquely.  For  the  same  reason,  we  have  generally  more  heat 
at  three  o'clock  in  the>  afternoon  than  at  twelve,  when  the  sun  is  on  the 
meridian.  As  long  as  the  sun  continues  to  communicate  more  heat  than 
the  earth  parts  with  in  a  given  time,  so  long  the  heat  of  the  earth  will 
increase,  even  though  the  rate  at  which  it  receives  new  heat  from  the  sun 
is  diminished. 

The  vicissitudes  of  seasons  of  the  other  planets  vary  according  as  their 
axes  deviate  more  or  less  from  the  perpendicular  to  the  plane  of  their 
orbits.  The  axis  of  Jupiter  is  nearly  perpendicular  to  the  plane  of  his 
orbit ;  those  of  Mars  and  of  Saturn  are  each  inclined  at  angles  of  about 
60  degrees;  whilst  the  axis  of  Venus  is  believed  to  be  elevated  only  15  or 
20  degrees  above  her  orbit :  the  vicissitudes  of  her  seasons  must  therefore 
be  considerably  greater  than  ours. 

There  is  one*  more  observation  to  make  relative  to  the  earth's  motion, 
which  is,  that  although  we  have  but  365  days  and  nights  in  the  year,  she 
performs  366  complete  revolutions  on  her  axis  during  that  time.  This  is 
owing  to  the  progressive  motion  of  the  earth  in  its  orbit  whilst  it  revolves 
on  its  axis :  as  it  advances  almost  a  degree  westward  in  its  orbit,  in  the 
same  time  that  it  completes  a  revolution  eastward  on  its  axis,  it  must 
revolve  nearly  one  degree  more  in  order  to  bring  the  same  meridian  back 
to  the  sun.  These  small  daily  portions  of  rotation  are  each  equal  to  the 
three  hundred  and  sixly-flfth  part  of  a  circle,  which  at  the  end  of  the  year 
amounts  to  one  complete  rotation.  If  the  earth,  then,  had  no  other  than 
its  diurnal  motion,  we  should  have  366  days  in  the  year ;  or  rather,  we 
should  have  366  days  in  the  same  period  of  time  that  we  now  have  365 ; 
for  if  we  <lid  not  revolve  round  the  sun,  we  should  have  no  natural  means 
of  computing  years.  If  time  be  calculated  by  the  stars  instead  of  the  sun, 
the  irregularity  which  we  have  just  noticed  does  not  occur,  and  that  one 
complete  rotation  of  the  earth  on  its  axis  brings  the  same  meridian  back 
to  any  fixed  star ;  and  yet  the  earth's  advance  in  her  orbit  must  change 
her  position  with  regard  to  the  fixed  stars,  as  well  as  with  regard  to  the 
sun  !  This  difficulty  is  explained  by  the  distance  of  the  fixed  stars,  which 
is  so  immense,  that  our  solar  system  is  in  comparison  to  it  but  a  spot, 
and  the  whole  extent  of  the  earth's  orbit  but  a  point ;  therefore,  whether 
the  earth  remained  stationary,  or  whether  it  revolved  in  its  orbit  during 
it9  rotation  on  its  axis,  no  sensible  difference  would  be  produced  with 
regard  to  the  fixed  stars.  One  complete  revolution  brings  the  same 
meridian  back  to  the  same  fixed  star :  hence  the  fixed  stars  appear  to  go 
round  the  earth  in  a  shorter  time  than  the  sun  by  three  minutes  sixty- 
six  seconds  of  time,  the  time  which  the  earth  takes  to  perform  the  addi- 
tional three  hundred  and  sixty-fifth  part  of  the  circle,  in  order  to  bring 
the  same  meridian  back  to  the  sun.  Hence  the  stars  gain  every  day  three 
minutes  fifty-six  seconds  on  the  sun,  which  makes  them  rise  that  portion 
of  time  earlier  everv  day. 

When  time  is  calculated  by  the  stars;  it  is  called  sidereal  time  ;  when 
by  the  sun,  solar  or  apparent  time ;  and  a  sidereal  day  is  three  minutes 
fifty-six  seconds  shorter  than  a  solar  day  of  twenty-four  hours.  The 
difference  of  the  solar  and  the  sidereal  year  must  also  be  explained :  the 
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eommon  year,  called  the  solar  or  tropical  year,  containing  865  days, 
5  hours,  48  minutes,  and  52  seconds,  is  measured  from  the  time  the  sun 
sets  out  from  one  of  the  equinoxes,  or  solstices,  till  it  returns  to  the  same 
a^in  ;  but  the  year  is  completed  before  the  earth  has  finished  one  entire 
revolution  in  its  orbit.  This  is  owing  to  the  spheroidal  figure  of  the 
eafth,  the  elevation  about  the  equator  producing  much  the  same  effect  as 
if  a  similar  mass  of  matter,  collected  in  the  form  of  a  moon,  revolved 
round  the  equator.  When  tliis  moon  acted  on  the  earth  in  conjunction 
with,  or  in  opposition  to,  the  sun,  variations  in  the  earth's  motion  would 
be  occasioned,  and  these  variations  produce  what  is  called  the  precession 
of  the  equinoxes.  The  equinoctial  points  are  therefore  not  quite  fixed, 
but  have  a  retrograde  motion  :  that  is  to  say,  instead  of  being  every  revo- 
lution in  the  same  place,  they  move  backwards.  Thus,  if  the  vernal  equinox 
be  at  A  (Jig.  15>  next  page),  the  autumnal  one  will  be  at  B.  instead  of  C, 
and  the  following  vernal  equinox  at  D,  instead  of  at  A,  as  would  be  the 
case  if  the  equinoxes  were  stationary  at  opposite  points  of  the  earth's 
orbit:  so  that  though  the  earth  takes  half  a  year  to  move  from  one 
equinox  to  the  other,  it  has  not  then  travelled  through  half  its  orbit ;  and 
consequently,  when  it  returns  again  to  the  first  equinox,  it  has  not  com- 
pleted the  whole  of  its  orbit.  In  order  to  ascertain  when  the  earth  has 
performed  an  entire  revolution  in  its  orbit,  we  must  observe  when  the 
sun  retires  in  conjunction  with  any  fixed  star;  and  this  is  called  a  sidereal 
year.  Supposing  a  fixed  star  situated  at  E,  the  sun  would  not  appear  in 
conjunction  with  it  till  the  earth  had  returned  to  A,  when  it  would  have 
completed  its  orbit.  The  sidereal  is  only  about  twenty  minutes  longer 
than  the  solar  year,  so  that  the  variation  of  the  equinoctial  points  is  very 
inconsiderable. 

In  regard  to  time,  we  must  further  add,  that  the  earth's  diurnal  motion, 
on  an  inclined  axis,  together  with  its  annual  revolution  in  an  elliptic  orbit, 
occasions  so  much  complication  in  its  motion  as  to  produce  many  irre- 
gularities :  therefore  true  equal  time  cannot  be  measured  by  the  sun.  A 
clock,  which  was  always  perfectly  correct,  would  in  some  parts  of  the 
)ear  be  before  the  sun,  and  in  other  parts  af\er  it.  There  are  but  four 
periods  in  which  the  sun  and  a  perfect  clock  would  agree,  which  are — the 
15th  of  April,  the  16th  of  June,  the  31st  of  August,  and  the  24th  of 
December.  The  greatest  difference  between  solar  time  and  true  time 
amounts  to  between  fifteen  and  sixteen  minutes.  Tables  of  the  equation 
of  time  are  constructed  for  the  purpose  of  pointing  out  and  correcting 
these  differences  between  solar  time  and  equal  or  mean  time,  which  is 
the  denomination  given  by  astronomers  to  true  time. 


Section  IV. — On  the  Moon» 

Let  us  now  turn  our  attention  to  the  Moon.  This  satellite  revolves 
round  the  earth  in  the  space  of  twenty-seven  days  eight  hours,  in  an  orbit 
nearly  coinciding  with  the  plane  of  the  earth's  orbit,  and  accom))anies  us 
in  our  revolution  round  the  sun.  Her  motion,  therefore,  is  of  a  compli- 
cated nature  ;  for  as  the  earth  advances  in  her  orbit  whilst  the  moon  goes 
round  her,  the  moon  proceeds  in  a  sort  of  progressive  circle.  There  are 
also'other  circumstances  which  interfere  with  the  simplicity  and  regularity 
of  the  moon  s  motion,  bat  which  are  too  intricate  for  us  to  notice  at 
pvesent* 
Tht  noon  ilmys  preMsU  thi  mom  fim  to  uIi  b|  which  it  is  evident 
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that  she  tiiras  but  once  upon  her  axis  while  she  perfonns  %  levolution 
round  the  earth ;  so  that  the  inhabitants  of  the  moon  hate  bdt  one  dfj 
and  one  night  in  the  course  of  a  lunar  month.  Since  we  alwf^ya  tee  the 
same  hemisphere  of  the  moon«  the  inhabitants  of  that  hemisphere  olone 
can  perceive  the  earth.  One  half  of  the  moon^  therefore,  enjoja  our  light 
every  night*  while  the  other  half  has  oonstanUj  nights  oif  darknees ;  uid 
we  appear  to  the  inhabitants  of  the  moon  under  all  the  chmnges  or  pbases 
which  the  moon  exhibits  to  us. 

Fig.  15. 


Fig.  16. 

These  phases  require  some  explanation.  In^.  16*  lei  us  say  that  8 
represents  the  sun,  £  the  earth,  and  ADCD,&c.  the  moon  in  different  parts 
of  her  orbit  When  the  moon  is  at  A,  her  dark  side  being  turned  towards 
the  earth,  we  shall  not  see  her ;  but  her  disappearance  is  of  very  short 
duration,  and  as  she  advanced  in  her  orbit  we  perceive  her  under  ^he  forofi 
of  a  new  moon:  when  she  has  gone  through  one-sixth  of  her  orbit  at  Bt 
oae  quartet  of  bar  enlighteiwd  heousphm  will  be  tanitd  towards  m 
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earth,  and  she  will  then  appear  homed,  as  in  the  figure  b :  when  she  has 
performed  one  quarter  of  her  orbits  she  shows  us  one  half  of  her 
enlightened  side,  as  at  C,  and  appears  as  in  the  (i<rure  c;  at  D  she  is  said 
to  be  gibbous,  and  at  E  the  whole  of  the  enlightened  side  appears  to  us, 
and  the  moon  is  at  full.  As  she  prdceeds  Ih  htt  orbii  she  becomes  again 
gibbous,  and  her  enlightened  heitlispherti  iiimt  ghAtlMf  Hfvay  frbm  ns 
till  she  completes  her  orbit  and  disappears,  and  then  again  resumes  her 
form  of  a  new  moon.  The  small  exterior  figures,  a,  6,  c,  ef,  &c.,  it  will 
be  seen,  represent  the  phages  corresponding  to  the  situations  A,  B,  C,  D, 
&c. :  the  light  part  of  the  figures,  a,  i,  c,  d,  &c.,  alone  being  supposed 
yisible. 

When  the  moon  is  at  full,  she  is  said  to  be  in  opposition ;  when  a  new 
moon,  to  be  in  conjunction  with  the  sun.  At  each  of  these  times,  the 
sun,  the  moon,  and  the  earth  are  in  the  same  right  line  ;  but  in  the  first 
case,  the  earth  is  between  the  sun  and  the  moon  ;  in  the  second,  the  moon 
is  between  the  sun  and  the  earth.  An  eclipse  can  take  place  only  when 
the  sun,  moon,  and  earth  are  in  a  right  line.  When  the  moon  passes 
between  the  sun  and  the  earth,  she  intercepts  his  rays,  or,  in  other  words, 
casts  a  shadow  on  the  earth :  then  the  sun  is  eclipsed,  and  the  daylight 
gives  place  to  darkness,  while  the  moon's  shadow  is  passing  over  us. 
When,  on  the  contrary,  the  earth  is  between  the  sun  and  the  moon,  it  is 
we  who  intercept  the  sun's  rays,  and  cast  a  shadow  on  the  moon :  she 
then  disappears  from  our  view,  and  is  eclipsed. 

Why  then  have  we  not  a  solar  and  a  lunar  eclipse  every  month  ? 

The  ])lanes  of  the  orbits  of  the  earth  and  moon  do  not  exactly  coincide, 
l)ut  cross  or  intersect  each  other ;  and  the  moon  geneially  passes  either  on 
one  side  or  the  other  when  she  is  in  conjunction  with«  or  in  opposition  to, 
the  sun,  and  therefore  does  not  intercept  the  sun's  rays,  or  produce  an 
eclipse ;  for  this  can  take  place  only  when  the  earth  and  moon  are  in  con- 
junction near  those  parts  of  their  orbits  which  cross  each  other  (called  the 
nodes  of  their  orbits),  because  it  is  then  only  that  they  are  both  in  the 
same  plane,  and  in  a  right  line  with  the  sun.  A  partial  eclipse  takes 
place  when  the  moon,  in  passing  by  the  earth,  does  not  entirely  escape 
her  shadow.  When  the  eclipse  happens  precisely  at  the  nodes,  they  are 
not  only  total,  but  last  for  some  length  of  time. 

When  the  sun  is  eclipsed,  the  total  darkness  is  confined  to  one  parti- 
cular part  of  the  earth.  In^iig.  17  a  solar  eclipse  is  exhibited  :  8  is  the 
sun,  M  the  moon,  and  £  the  earth ;  and  tlie  moon*s  shadow  is  not  large 
enough  to  cover  the  eartli. 

Fig.  17 


The  lunar  eclipses,  on  the  coiltrary,  are  visible  from  every  part  of  the 
earth,  where  the  moon  is  above  the  horizon.     In  Jig,  18,  S  represents  the 
ann,  which  pours  forth  rays  of  light  In  straight  lines  In  cver^  dlt%c^kRi^ 
£  is  the  earth,  and  M  the  moon.    Now  a  niy  of  \\^\  eotiAn^  ^tom  m«A 
extremity  of  the  nw's  disk  in  the  direetion  AB  ii\\\  uiteX  mttoWiet  «»«&»« 
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Fig.  18, 


from  the  opposite  extremity  in  the  direction  CB  ;  the  shadow  of  the  earth 
cannot,  therefore,  extend  beyond  B.  As  the  sun  is  larger  than  the  earth, 
tlie  shadow  of  the  latter  is  conical :  it  gradually  diminishes,  and  is  much 
smaller  than  the  earth  where  the  moon  passes  through  it,  and  yet  we  find 
the  moon  to  be  not  only  totally  eclipsed,  but  some  length  of  time  in 
darkness.  The  moon,  shining  only  by  reflected  light,  disappears  abso- 
lutely when  the  liglit  of  the  sun  is  intercepted  from  her.  She  does  not, 
therefore,  become  invisible,  like  the  sun,  only  from  particular  spots  on  the 
earth's  surface,  but  absolutely  and  universally,  until  the  light  of  the  sun 
beg^'ns  to  shine  upon  her  again.  The  length  of  an  eclipse  depends  on  the 
respective  distances  and  magnitudes  of  the  sun,  earth,  and  moon.  The 
diameter  of  the  moon  is  about  -^  of  that  of  the  earth,  or  the  whole  bulk 
of  the  earth  about  49  times  that  of  the  moon. 

When  the  moon  eclipses  the  sun  to  us,  the  earth  is  eclipsed  to  the  moon ; 
for  if  the  moon  intercepts  the  sun's  rays,  and  casts  a  shadow  on  us.  we 
must  necessarily  disappear  to  the  moon,  but  only  partially — a  black  spot 
will  appear  to  pass  over  the  earth,  as  in  figure  17. 

In  the  distant  planets,  few  days  elapse  without  an  eclipse  taking  place ; 
for  among  the  number  of  satellites,  one  or  other  of  them  is  continually 
passing  into  the  shadow  of  the  planet,  or  between  the  planet  and  the  sun. 
Astronomers  are  so  well  acquainted  with  the  motion  of  the  planets  and 
their  satellites,  that  they  have  calculated  not  only  the  eclipses  of  our 
moon,  but  those  of  Jupiter,  with  such  perfect  accuracy,  that  it  has  afibrded 
a  means  of  ascertaining  the  longitude.  When,  as  on  land,  we  know  where 
we  are  situated,  there  is  no  difiiculty  in  ascertaining  the  latitude  or  longi* 
tude  of  the  place  by  referring  to  a  map ;  but  the  question  is  to  find  out 
our  situation  when  we  do  not  know  where  we  are:  for  instance,  at  sea, 
interrupted  in  our  course  by  storms,  a  map  would  aflbrd  no  assistance  in 
discovering  where  we  were.  Tlie  latitude  may  be  found  by  taking  the 
altitude  of  the  pole :  that  is  to  say,  observing  the  number  of  degrees  that 
it  is  elevated  above  the  horizon,  for  the  pole  appears  more  elevated  as  we 
approach  it,  and  less  as  we  recede  from  it.  It  is  true  that  the  pole  is  not 
visible  to  us ;  but  the  north  pole  points  constantly  towards  one  particular 
part  of  the  heavens,  near  which  a  star  is  situated,  called  the  Polar  Star. 
The  altitude  of  the  polar  star  is  therefore  nearly  the  same  number  of  degrees 
as  that  of  the  pole;  and,  as  this  star  is  visible  in  clear  nights  from  every  part 
of  the  northern  hemisphere,  it  furnishes  an  easy  mode  of  ascertaining  the 
latitude  in  all  that  half  of  the  world.  The  latitude  may  be  more  accu- 
rately determined  by  other  observations,  which  may  be  made  on  the  sun 
or  any  of  the  fixed  stars ;  the  situation,  therefore,  of  a  vessel  at  sea,  with 
regard  to  north  and  south,  is  easily  ascertained.  The  difficulty  is  respecting 
east  and  west — that  is  to  say,  its  longitude.  As  there  are  no  eastern  poles 
from  which  we  can  reckon  our  distance,  some  particular  spot  must  be 
fixed  upon  for  that  purpose.  The  English  reckon  from  the  meridian  of 
Greenwich,  where  the  Royal  Observatory  is  situated  (  \xk  French  mftpSf 
ihe  hagtiuA%  if  reckoned  from  Ptols* 
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The  rotation  of  the  earth  on  its  axis  in  twenty-four  hours,  from  west  to 
east»  occasions,  as  we  have  already  seen,  an  apparent  motion  of  the  sun 
and  stars  in  the  contrary  direction,  and  the  sun  appears  to  go  round  the 
earth  in  the  space  of  twenty-four  hours,  passing  over  fifteen  degrees,  or  a 
twenty-fourth  part  of  the  earth's  circnmference  every  hour :  therefore,  when 
it  is  twelve  o'clock  in  London,  it  is  one  o'clock  in  any  place  situated  fifteen 
degrees  to  the  east  of  London,  as  the  sun  must  have  passed  the  meridian  of 
that  place  an  hour  before  he  reaches  that  of  London.  For  the  same  reason 
it  is  eleven  o'clock  to  any  place  situated  fifteen  degrees  to  the  west  of 
London,  as  the  sun  will  not  come  to  that  meridian  till  an  hour  later.  If, 
then,  the  captain  of  a  vessel  at  sea  could  know  precisely  what  was  the  hour 
at  Loudon,  he  could,  by  looking  at  his  watch,  and  comparing  it  with  the 
hour  of  the  spot  in  which  he  was,  ascertain  the  longitude.  For  this  pur- 
pose he  must  be  furnished  with  two  watches — the  one  daily  regelated  by 
the  snn,  and  the  other  unaltered.  The  former  would  indicate  the  hour 
of  the  place  in  which  he  was  situated,  and  the  latter  the  hour  of  London  ; 
and  by  comparing  them  together,  he  would  be  able  to  calculate  his  longi- 
tude :  this  mode  of  finding  the  longitude  is  universally  adopted.  Watches 
of  a  superior  construction,  called  chronometers,  or  time-keepers,  are  used 
for  this  purpose ;  but  the  best  watches  are  liable  to  imperfections,  and 
should  the  time-keeper  go  too  fast  or  too  slow,  there  would  be  no  means 
of  ascertaining  the  error  :  implicit  reliance  cannot  consequently  be  placed 
upon  them. 

Recourse  is  therefore  had  to  the  eclipses  of  Jupiter's  satellites.  A  table 
is  made  of  the  precise  time  at  which  the  several  moons  are  eclipsed  to  a 
spectator  at  London.  When  they  appear  eclipsed  to  a  spectator  in  any 
other  spot,  he  may,  by  consulting  the  table,  know  what  is  the  hour  at 
London ;  for  the  eclipse  is  visible  at  the  same  moment  from  whatever 
place  on  the  earth  it  is  seen.  He  has  then  only  to  look  at  tlie  watch 
which  points  out  the  hour  of  the  place  in  which  he  is,  and  by  observing 
the  difference  of  time  there,  and  at  London,  he  may  immediately  determine 
his  longitude. 

Let  us  suppose  that  a  certain  moon  of  Jupiter  is  always  eclipsed  at  six 
o'clock  in  the  evening  at  London,  and  that  a  man  at  sea  consults  his  watch, 
and  finds  that  it  is  ten  o'clock  at  night  where  he  is  situated,  at  the  moment 
the  eclipse  takes  place :  he  would  be  sixty  degrees  east  of  London;  for  the 
sun,  which  travels  (apparently)  fifteen  degrees  an  hour,  must  have  passed 
his  meridian  four  hours  before  it  reaches  that  of  London  ;  for  this  reason, 
the  hour  is  always  later  than  in  London  when  the  place  is  east  longitude, 
and  earlier  when  it  is  west  longitude.  Thus  the  longitude  can  be  ascer- 
tained  whenever  the  eclipses  of  Jupiter^s  moons  are  visible. 

The  latitude  shows  on  what  meridian  you  are  situated,  and  the  longi- 
tude on  what  part  of  that  meridian ;  therefore,  when  you  can  ascertain 
both  these,  you  discover  the  very  spot  in  which  you  are  situated.  But  it 
is  not  only  the  secondary  planets  which  produce  eclipses,  for  the  primary 
planets  near  the  sun  eclipse  him  to  those  at  a  greater  distance,  when  they 
come  in  conjunction  in  the  nodes  of  their  orbits;  but  as  the  primary 
planets  are  much  longer  in  performing  their  course  round  the  sun  than 
the  satellites  in  going  round  their  primary  planets,  these  eclipses  very 
seldom  occur. 

Mercury  and  Venus  have  however  passed  in  a  right  line  between  the 
earth  and  the  sun,  but  being  at  so  great  a  distance,  their  shadows  did  not 
extend  so  far  as  the  earth.     No  darkness  was  therefore  ^t^\ic^  Oi^  vw% 
part  of  oar  globe ;  but  the  planet  appeared  Vike  a^  ami^  Vi^ix^  v^n^ 
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pasBingf  across  the  sun's  disk  :  this  is  called  a  transit  of  the  planet.  Il 
was  by  the  last  transit  of  Venus  that  astronomers  were  enabled  to  calcu- 
late with  some  degree  of  accuracy  the  distance  of  the  earth  from  the  sun, 
and  the  dimensions  of  the  latter. 

The  tides  are  produced  by  the  attraction  of  the  moon.  The  cohesion  of 
fluids  being  much  less  than  that  of  solid  bodies,  they  more  easily  yield  to 
the  power  of  gravity ;  in  consequence  of  which  the  waters  immediately 
below  the  moon  are  drawn  up  in  a  protuberance,  producing  a  full  tide,  or 
what  is  commonly  called  high-water,  at  the  spot  where  it  happens. 
According  to  this  theory,  ynu  would  imagine  that  we  should  have  full  tide 
only  once  in  twenty-four  houra— that  is,  every  time  that  we  were  below 
the  moon — while  we  find  that  we  have  two  tides  in  the  course  of  twenty- 
four  hours,  and  that  it  is  high-water  with  us  and  with  our  antipodes  at 
the  same  time. 

This  opposite  tide  is  rather  more  difficult  to  explain  than  that  which  is 
drawn  up  beneath  the  moon.  In  order  to  render  the  question  more  sim- 
ple, let  IIS  suppose  the  earth  to  be  everywhere  covered  by  the  ocean,  as 
\njig.  19.  M  is  the  moon,  ABCD  the  earth.  Now  the  waters  on  the 
surface  of  the  earth  about  A,  being  more  strongly  attracted  than  in  any 

Fig.  19. 


other  part,  will  be  elevated,  the  attraction  of  the  moon  at  B  and  C  being 
less ;  but  still  it  will  be  greater  there  than  at  D,  which  is  the  part  most 
distant  from  the  moon.  The  body  of  the  earth  will  therefore  be  drawn 
away  from  the  waters  at  D,  leaving  a  protuberance  similar  tii  that  at  A: 
60  that  the  tide  A  is  produced  by  the  waters  receding  from  the  earthy  and 
the  tide  D  by  the  earth  receding  from  the  waters. 

The  influence  of  the  sun  on  the  tides  is  less  than  that  of  the  moon  ;  for 
observe,  that  the  tides  rise  in  consequence  of  the  moon  attracting  one 
part  of  the  waters  more  forcibly  than  another  part :  it  is  this  inequality  of 
attraction  which  produces  full  and  ebb  tides.  Now  the  distance  of  the 
sun  is  so  great,  that  the  whole  globe  of  the  earth  is  comparatively  but  as 
a  point,  and  the  diflerence  of  its  attraction  for  that  part  of  the  waters 
most  under  its  influence,  and  that  part  least  subject  to  it^  is  but  trifling ; 
no  part  of  the  waters  will  be  much  elevated  above,  or  much  depresMd 
below  their  general  surface  by  its  action.  The  sun  has,  however,  a  con- 
siderable eflfect  on  the  tides,  and  increases  or  diminishes  them  as  it  acts 
in  conjunction  with,  or  in  opposition  to,  the  moon. 

The  moon  is  a  month  in  going  round  the  earth ;  twice  during  that 
time,  therefore,  at  full  and  at  change,  she  is  in  the  same  direction  as 
the  sun.  Both  then  act  in  conjunction  on  the  earth,  and  produce  very 
great  tides,  called  spring-tides,  as  represented  in^^.  20,  at  A  and  B  ;  but 
when  the  moon  is  at  the  intermediate  parts  of  her  orbit,  the  sun,  instead 
pf  aflbrding  assistance,  weakens  her  power  by  acting  in  opposition  to  it ; 
and  smaller  tides  are  produced,  called  neap-tides,  as  represented  in  /S^.  21. 


INTRODUCTION  TO  ASTRONOMY.  Iv 
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Sinpe  aitrection  is  mutual  between  the  moon  and  the  earth,  we  pro- 
duce tides  in  the  moon  ;  and  these  are  more  considerable,  in  proportion 
as  our  planet  is  larger.*  Neither  the  moon  nor  the  earth  in  reality  assume 
an  oval  form,  for  the  land  which  intersects  the  water  destroys  the  regu- 
larity of  the  effect.  The  orbit  of  the  moon  being  nearly  parallel  to  that 
of  the  earth,  she  is  never  vertical  but  to  the  inhabitants  of  the  torrid  cone  : 
in  that  climate,  therefore,  ^he  tides  are  greatest,  and  they  diminish  as  you 
recede  from  it  ^nd  approach  the  poles ;  but  in  no  part  of  the  globe  is  the 
mopn  immediately  alx)ve  the  spot  where  it  is  high  tide.  All  matter,  by 
its  inertia,  offers  some  resistance  to  a  change  of  state ;  the  waters, 
therefpre,  do  not  readily  yield  to  the  attraction  of  the  moon,  and  the 
effect  of  her  influence  Is  not  complete  until  some  time  after  she  has 
passed  the  meridian. 

The  eaKh  revolves  on  its  axis  in  about  twenty-four  hcnirs :  if  the  moon 
were  stationary,  therefore,  the  same  part  of  our  globe  would,  every  twenty- 
four  hours,  return  beneath  the  moori  ;  but  as  during  our  dailv  revolution 
the  moon  advances  in  her  orbit,  the  earth  must  m&e  more  than  a  com- 
plete  rotation  in  order  to  brinff  the  same  meridian  opposite  the  moon  :  we 
wre  three-quarters  of  an  hour  in  overtaking  Iter.  The  tides,  therefore,  are 
retarded,  for  the  same  reason  that  the  moon  rises  later,  by  three-quarters 
of  an  hour  every  day.  This,  however,  is  only  the  average  amount  of  the 
retardation.  The  time  of  the  highest  tide  is  modified  by  the  sun's 
attraction,  and  is  between  those  of  the  tides  which  would  be  produced  by 
the  separate  action  of  the  two  luminaries.  T^he  action  of  the  sun,  there- 
fore, makes  the  interval  different  on  different  days,  but  leaves  th% 
average  amount  unaffected.     ■ 
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Section  I. — On  the  Mechanical  Properties  of  Fluids, 

The  science  of  the  mechanical  properties  of  fluids  is  called  Hydrostatics 
A  fluid  is  a  substance  which  yields  to  the  slightest  pressure.  If  you  dip 
your  hand  into  a  basin  of  water,  you  are  scarcely  sensible  of  meeting 
with  any  resistance.  Fluids,  generally  speaking,  are  bodies  of  less  density 
than  solids.  From  the  sh'ght  cohesion  of  their  particles,  and  the  facility 
with  which  these  slide  over  each  other,  it  is  conjectured,  that  thty  must  be 
small,  smooth,  and  globular ;  smooth,  because  there  appears  to  be  little 
or  no  friction  among  them ;  and  globular,  because  touching  each  other 
but  by  a  point  would  account  for  the  slightness  of  their  cohesion. 

Fluids  are  divided  into  two  classes,  distinguished  by  the  names  of 
liquids  and  elastic  fluids,  or  gases,  which  latter  comprehends  the  air 
of  the  atmosphere,  and  all  the  various  kinds  of  air  with  which 
chemistry  makes  us  acquainted.  We  shall  confine  our  attention  at 
present  to  the  mechanical  properties  of  liquids  or  non-elastic  fluids. 

Water,  and  liquids  in  genera],  are  little  susceptible  of  being  compressed, 
or  squeezed  into  a  smaller  space  than  that  which  they  naturally  occupy. 
This  is  supposed  to  be  owing  to  the  extreme  minuteness  of  their  partides, 
which,  rather  than  submit  to  compression,  force  their  way  through  the 
pores  of  the  substance  which  conflnes  them,  as  was  shown  by  a  cele- 
brated experiment,  made  at  Florence  many  years  ago.  A  hollow  globe 
of  gold  was  fllled  with  water,  and  on  its  being  submitted  to  gpreat  pressure, 
the  water  was  seen  to  exude  through  the  pores  of  the  gold,  which  it 
covered  with  a  flne  dew.  But  more  recent  experiments,  in  which  water 
has  been  conflned  in  strong  iron  tubes,  prove  that  it  is  susceptible  of 
compression. 

Liquids  are  porous,  like  solid  bodies,  but  the  pores  are  too  minute  to  be 
discovered  by  the  most  powerful  microscope.  The  existence  of  pores  in 
liquids  can  be  ascertained  by  dissolving  solid  bodies  in  them.  If  you 
melt  some  salt  in  a  glass  full  of  water,  the  water  will  not  overflow, 
because  the  particles  of  salt  will  lodge  themselves  io  the  pores  of  the 
liquid,  so  that  the  salt  and  water  together  will  not  occupy  more  space  than 
the  water  did  alone.  If  you  attempt  to  melt  more  salt  than  can  find  room 
within  these  pores,  the  remainder  will  subside  at  the  l)ottom,  and  occu- 
pying a  space  which  the  water  filled  before,  oblige  the  latter  to  overflow. 
Spirit  of  wine  may  also  be  poured  into  water  without  adding  to  the  bulk, 
as  the  spirit  will  introduce  itself  into  the  pores  of  the  water. 

Fluids  show  the  eflects  of  gravitation  in  a  more  perfect  manner  than 
solid  bodies ;  the  strong  cohesive  attraction  of  the  particles  of  the  latter 
in  some  measure  counteracting  the  efiect  of  gravity.  In  a  table,  for 
instance,  the  strong  cohesion  of  the  particles  of  wood  enables  four  slender 
legs  to  support  a  considerable  weight.  Were  the  cohesion  so  &r  destroyed 
as  to  convert  the  wood  into  a  fluid,  no  support  could  be  aflbrded  by  the 
legs ;  for  the  particles  no  longer  cohering  together,  each  would  press 
separately  and  independently,  and  would  be  brought  to  a  level  with  the 
surface  of  the  earth. 
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This  deficiency  of  cohesion  is  the  reason  why  fluids  can  never  be  formed 
into  fij^iires  or  maintained  in  heaps ;  for  though  it  is  true  the  wind  raises 
water  into  waves,  they  are  immediately  afterwards  destroyed  by  gravity, 
TIius  liquids  always  find  their  level.  The  definition  of  the  equilibrium  of 
a  fluid  is,  that  every  part  of  the  surface  is  equally  distant  from  the  point  to 
which  grravity  tends ;  that  is  to  say,  from  the  centre  of  the  earth.  Hence 
the  surface  of  all  fluids  must  partake  of  the  spherical  form  of  the  globe  and 
be  bulging.  This  is  evident  in  large  bodies  of  water,  such  as  the  ocean  ; 
but  the  sphericity  of  small  bodies  of  water  is  so  trifling  as  to  render  their 
surfaces  apparently  flat 

The  equilibrium  of  fluids  is  the  natural  result  of  their  particles  g^vitating 
independently  of  each  other  ;  for  when  any  particle  of  a  fluid  accidentally 
finds  itself  elevated  above  the  rest,  it  is  attracted  down  to  the  level  of  the 
surface  of  the  fluid,  and  the  readiness  with  which  fluids  yield  to  the  slightest 
pressure,  will  enable  the  particle  by  its  weight  to  penetrate  the  surface  of 
the  fluid  and  mix  with  it  But  this  is  the  case  only  with  fluids  of  equal 
density,  for  a  light  fluid  will  float  on  the  surface  of  a  heavy  one,  as  oil  on 
water ;  and  air  will  rise  to  the  surface  of  any  liquid  whatever,  being  forced 
up  by  the  superior  gravity  of  the  liquid.  Fig,  1.  represents  an  instrument 
Fig.  1.  called  a  water-level,  which  is  constructed 

|A.  Bi        upon  the  principle  of  the  equilibrium  of 

OJ  ^  — ^       ^O    fluids.     It  consists  of  a  short  tube,  AB, 

• ■        closed  at    both    ends,  and  containing 

water  and  a  bubble  of  air ;  when  the  tube  is  not  perfectly  horizontal  the 
water  runs  to  the  lower  end,  which  makes  the  bubble  of  air  rise  to  the 
upper  end,  and  it  remains  in  the  centre  only  when  the  tube  does  not 
incline  on  either  side.  It  is  by  this  means  that  the  level  of  any  situation, 
to  whkh  we  apply  the  instrument,  is  ascertained. 

Solid  bodies,  therefore,  g^vitate  in  masses,  the  strong  cohesion  of  their 
particles  making  them  weigh  altogether,  while  every  particle  of  a  fluid 
nuiy  be  considered  as  a  separate  mass,  gravitating  independently.  Hence 
the  resistance  of  a  fluid  is  considerably  less  than  that  of  a  solid  body. 
The  particles  of  fluids  acting  thus  independently,  press  against  each  other 
in  every  direction,  not  only  downwards  but  upwards,  and  laterally  or 
sideways ;  and  in  consequence  of  this  equality  of  pressure,  every  particle 
remains  at  rest  in  the  fluid.  If  yon  agitate  the  fluid,  you  disturb  this 
equality,  and  the  fluid  will  not  rest  till  its  e(|uilibrium  be  restored. 

Were  there  no  lateral  pressure,  water  would  not  flow  from  an  opening 

on  the  side  of  a  vessel ;  sand  will  not  run  out  of  such  an  opening,  because 

there  is  scarcely  any  lateral  pressure  among  the  particles.     Were  the 

p.     ^      particles  of  fluids  arranged  in  regular  columns,  as  in  Jig.  2, 

^^'  there  would  be  no  lateral  pressure,  for  when  one  particle  is  per- 
pendicularly above  the  other,  it  can  only  press  it  downwards ; 
but  as  it  must  continually  happen  that  a  particle  presses  between 
two  particles  beneath  {fig,  3),  these  last  suffer  a  lateral  pressure ; 
just  as  a  wedge  driven  into  a  piece  of  wood  separates  the  parts 
laterally.  The  lateral  pressure  is  the  result  therefore  of  the  pressure 
p-     Q       downwards,  or  the  weight  of  the  liquid  above  ;  and  consequently 

^'  '  the  lower  the  orifice  is  made  in  the  vessel,  the  greater  will  be 
the  velocity  of  the  water  rushing  out  of  it  Fig.  4  represents 
the  different  deg^es  of  velocity  with  which  a  liquid  flows  from 
a  vessel  furnished  with  three  stop-cocks  at  different  heights.  Since  the 
lateral  pressure  is  entirely  owing  to  the  pressure  downwards,  it  is  not 
affected  by  the  horizontal  dimensions  of  the  vessel,  which  contains  the 
liquid,  but  merely  by  its  depth ;  for  as  every  parlicto  aiGteVxite^B'^iQi&ftT^^^  ^ 
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the  rest,  it  iti  only  tbe  column  of  particleo  immeditvlely  abuve  the  orifiM 
that  can  wei^h  iijton  and  press  nut  the  liaiiM. 

In  &  cubical  ve<:sel,  tlie  pressure  (lownwqrd!)  will  be  double  the  lateral 
presiiire  on  one  side,  for  every  particle  nt  the  bolloni  iif  the  veuel  il 
prensed  upon  by  a  column  of  the  whole  denlh  of  the  fluid,  whilst  the 
lateral  pressure  diminishes  equably  from  the  botlum  upwRrds  IQ  the  mr- 
face,  where  the  particles  have  no  pressure. 

The  pressure  of  fluids  upwards,  though  it  itecms  in  direct  oppoaitioa 
to  ffravity,  is  ulxo  a  consequeuce  of  ttielr  pressure  downwards.  When, 
for  exnmple,  water  Is  poured  into  a  tea-pot,  the  water  rises  In  the  tipoiit 
to  a  level  with  that  in  (he  pot.  The  particles  of  water  at  the  bottom 
of  the  pot  are  pressed  upon  by  the  particles  above  them ;  to  this 
pressure  they  will  yield,  if  there  is  any  mode  of  making  way  for  the  sU' 
perior  particles,  and  B3  ihey  connot  descend,  they  will  change  their  direc- 
tion and  rise  in  the  spoilt. 

Siip|)0!ie  the  ten-pot  to  be  filled  with  columns  of  particles  of  water 
similar  to  that  described  in  ^g.  5,  the  particle  I  at  the  bottom  will  be 


Fig.  5. 


pressed  laterally  by  the  particle  2, 
and  by  this  pressure  be  ftirced  into 
the  spout,  where,  meeting;  with  the 
]>article  3,  it  presses  it  upwards,  and 
this  pressure  will  be  continued  from 
3  to  4,  from  4  to  5,  and  so  on,  till  the 
water  in  the  spout  has  risen  to  a  level 
with  that  in  the  pot. 

Yiiu  may  also  reverse  the  eiperi- 
mcnl  hy  pourin'.;  water  into  the  spout,  and  you  will  find 
tli:a  Die  wuter  will  rise  in  the  pot  to  a  level  with  that  in 
the  fl|)(>ut,  fur  (be  pressure  of  the  small  quantity  of  water 
in  the  spout  will  force  up  and  support  the  lai^r  quantity 
in  (he  pot.  But  (his  will  be  better  exemplified  hyjig.  6, 
in  which  a  goblet  is  filled  hy  means  of  a  narrow  tube.  In 
the  pressure  upwards,  as  well  an  that  laterally,  the  fom 
results  en(ire1y  from  the  height,  and  is  quite  independent 
of  the  horizontal  dimensions  of  the  fluid.  The  tube,  how- 
ever, could  never  be  filled  by  pouring  water  into  (lie  goblet, 
because  the  wnter  in  (he  goblet  cannot  force  that  in  the  tube 
shove  its  own  level,  and  us  the  end  of  the  lube  is  considem- 
bly  highest,  if  water  be  poured  into  the  goblet  after  it  ia  lull, 
it  will  run  over  instead  of  rising  in  the  tube  above  the  lereL 
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Tfie  specific  gravity  of  a  body  means  simply  its  weig:ht  compared  with 
that  of  another  body  of  the  same  size.  When  wc  say  that  substances, 
such  as  lead  and  stones,  are  heavy,  and  that  others,  such  as  paper  and 
feathers,  are  light,  we  speak  comparatively  :  that  is  to  sny,  that  the  first  are 
heavy,  and  the  latter  light,  in  comparison  with  the  generality  of  the  sub- 
stances in  nature.  Mahogany  is  a  heavy  body  when  compared  to  most  other 
kinds  of  wood,  but  light  when  compared  to  stone.  Chalk  is  a  heavy  body 
compared  to  coal,  but  light  if  compared  to  metal.  You  perceive  therefore 
that  our  notions  of  light  and  heavy  are  vague  and  undefined,  and  that 
some  staiidanl  of  comparison  is  required,  to  which  the  weight  of  all  other 
bodies  may  be  referred.  The  body  wtiicli  has  been  adopted  as  a  standard 
of  reference  is  distilled  water.  It  may  perhaps  appear  surprising  that  a 
fluid  should  have  been  chosen  for  this  purpose,  as  it  must  necessarily  be 
contained  in  some  vessel,  and  the  weight  of  this  vessel  must  be  deducted. 
Tills  is  true,  when  the  specific  gravity  of  fluids  is  to  be  estimated ;  but 
with  regard  to  solids,  it  is  necessary  simply  to  weigh  the  body  under  trial 
in  water.  If  a  piece  of  gold  be  weighed  in  a  glass  of  water,  the  gfold  will 
displace  just  as  much  water  as  is  equal  to  its  own  bulk :  a  cubic  inch  of 
water  must  make  way  fur  a  cubic  inch  of  gold.  The  bulk  alone  is  to  bt 
considered,  the  weight  has  nothing  to  do  with  the  quantity  of  water  dis- 
placed ;  for  a  cubic  inch  of  gold  does  not  occupy  more  space,  and  there- 
fore will  not  displace  more  water,  than  a  cubic  inch  of  ivory,  or  any  other 
sulistauce  that  will  sink  in  water. 

The  gold  will  weigh  less  in  water  than  it  did  out  of  it,  on  account  of 
the  upward  pressure  of  the  partk:les  of  water,  which  in  some  measure 
supports  the  gold,  and  by  so  doing,  diminishes  its  weight  If  the  body 
under  trial  be  of  the  same  weight  as  the  water  in  which  it  is  immersed,  it 
will  be  wholly  supported  by  it,  as  was  the  water,  the  place  of  which  it 
occupies ;  if  it  be  heavier,  the  water  will  ofier  some  resistance  to  its 
descent ;  and  this  resistance  will  in  all  cases  lie  the  same  to  bodies  of 
equal  bulk,  whatever  be  their  weight.  All  bodies  of  the  same  size,  there- 
fore, lose  the  same  quantity  of  their  weight  when  completely  immersed 
ill  water.  A  body  weighed  in  water  loses  as  much  of  its  weight  as  is 
e<]ual  to  that  of  the  water  it  displaces ;  so  that  were  this  water  put  into 
the  scale  to  which  the  body  is  suspended,  it  would  restore  the  balance. 

These  observations,  however,  require  some  modification  when  applied 
to  the  case  of  bodies  lighter  than  an  equal  bulk  of  water,  and  which, 
therefore,  do  not  sink  entirely  iu  water.  The  method  of  ascertaining 
their  specific  gravity  will  be  presently  pointed  ouL  At  present  we  may 
observe,  that  the  rule  given  above  has  an  application  even  to  them,  if 
forcibly  immersed  in  water;  but  the  resistance,  or  upper  pressure  of  the 
water,  being  greater  than  the  weight  of  the  body,  that  weight  is  not 
merely  diminished,  but  the  body  has  a  tendency  upwardi  equal  to  the 
difTcreuce  between  the  resistance  and  its  weight. 

When  a  body  is  weighed  in  water,  in  order  to  ascertain  its  specific 
gravity,  it  may  either  be  suspended  to  a  hook  at  the  Iwttoui  of  the  basin 
of  the  balance,  or,  taking  off  the  basin,  8uspende<1  to  the  arm  of  the 
balance  (fig,  7).  Now,  supposing  that  a  cubw  inch  of  gold  weighed 
nineteen  ounces  out  of  water,  and  lofst  one  ounce  by  being  weighed  in 
water,  the  cubic  inch  of  water  it  displaces  must  weigh  that  one  ounce: 
consequently  gold  would  be  nineteen  times  as  heavy  as  water. 

The  specific  gravity  of  a  body  lighter  than  water  Ciinnut  be  ascertainud 
in  the  same  manner.  If  a  body  were  absolutely  light,  it  would  float  on 
the  surface  without  displacing  a  drop  of  water ;    but  bodies  have  all  some 
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weight,  and  will,  therefore,  displace  some  qnaotity  of  waUr.  A  body 
lighter  than  water  will  not  >ink  to  a  level  with  the  snr&ee  of  (fa«  water, 
»nd  therefore  will  not  displace  so  much  water  a*  is  equal  to  its  bulk,  but 
a  quantity  equal  to  its  weight.  A  ship  sinks  to  some  depth  In  wateri  and 
the  heavier  it  is  laden  the  deeper  it  sinks,  the  quantity  of  water  it  du- 
places  being  always  equal  to  its  weight.  This  quantity  cannoU  bawcrcr, 
afford  a  convenient  test  of  its  specific  gravity,  from  the  difficulty  ot 
collecting  the  whole  quantity  of  water  displaced,  and  of  meaioriDg  the 
exact  bulk  of  the  body  immersed. 

In  order  practically  to  obtain  the  specific  (H^Tity  of  a  body  whidi  n 
lighter  than  water,  a  heavy  one,  whose  specific  gravity  is  known,  miut  be 
attached  to  it,  and  they  must  be  immersed  together:  the  specific  gisnlj 
of  the  lighter  body  may  then  be  easily  calculated. 

Bodies  which  have  exactly  the  same  specific  gravity  as  water,  will  icnniB 
at  rest  in  whatever  sitnutlon  they  are  placed  in  water.  If  a  piece  of  wood, 
by  being  impregnated  with  a  little  sand,  be  rendered  prcdsdy  of  the 
weight  of  an  equal  hulk  of  water,  it  will  remain  stationary  iu  wbatemr 
part  of  a  vessel  of  water  it  be  placed.  If  a  few  drops  of  water  be  poured 
into  the  vessel  (•io  gently  as  not  to  increase  their  momentum  by  giviof 
them  velocity),  they  would  mis  with  the  water  at  the  suriace,  and  not  dnk 
lower. 

llie  specific  gravity  of  fluids  is  found  by  means  of  an  ■natronwit 
"  called  an  hydrometer.     It  consists  of  a  thin  glaaa  ball,  A 

^f.  6),  with  a  graduated  tuhe.B,  and  the  specific  gravity  of 
the  liquid  is  estimated  by  the  depth  to  whirh  the  instmmcnt 
.  sinks  in  it,  for  the  less  the  s[)ectfic  gravity  of  the  fluid,  lb* 
Vurther  will  the  instrument  sink  in  it     There  is  a  amaller 
J  ball,  C,  attached  to  the  instrument  below,  which  containa  a 
little  mercury ;  but  this  is  merely  fur  the  purpose  of  eqai- 
poising  the  instrument,  that  it  may  remain  upright  in  the 
'   liquid  under  trial. 

The  weight  of  a  substance,  when  not  compared  to  that  of  any  other,  is 
perfectly  arbitrary ;  and  when  water  ia  adopted  as  a  standard,  we  may 
tienominate  its  weight  by  any  number  we  please  ;  but  tlien  the  weight  of 
oil  tKKlies  tried  by  this  standard  must  be  signified  by  proportional  uum- 
licrs.  If  we  call  the  weight  of  water,  for  example,  1,  then  ihat  of  gold 
would  be  19 ;  or,  if  we  call  the  weight  of  water  1000,  that  of  g(dd 
would  be  19,000.  In  short,  the  specific  gmvily  indicates  bow  nmcb 
more  or  leas  a  body  weighs  than  an  «]ual  bulk  of  water. 
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Section  II.— On  Springi^  Fountains^  Sfc 

Let  us  now  turn  our  attention  to  the  various  states  in  which  the  water 
belonging  to  our  globe  exists.  It  is  the  same  water  which  successively 
forms  seas,  rivers,  springs,  clouds,  rain,  and  sometimes  hail,  snow,  and 
ice.  We  will  follow  it  through  these  various  changes,  and  consider  how 
the  clouds  were  originally  formed.  When  the  first  rays  of  the  sun  warm 
the  surface  of  the  earth,  the  heat,  by  separating  the  particles  of  water, 
transforms  them  into  vapour,  which,  being  lighter  than  the  air,  ascends 
into  the  atmosphere.  The  atmosphere  diminishing  in  density  as  it  is 
more  distant  from  the  earth,  the  vapour  which  the  sun  causes  to  exhale, 
not  only  from  seas,  rivers,  and  lakes,  but  likewise  from  the  moisture  on 
tlie  land,  rises  till  it  reaches  a  region  of  air  of  its  own  specific  gravity, 
and  there  it  remains  stationary.  By  the  frequent  accession  of  fresh 
vapour  it  gradually  accumulates,  so  as  to  form  those  large  bodies 
of  vapour  which  we  call  clouds ;  and  these  at  length  becoming  too  heavy 
for  the  air  to  support,  fall  to  the  earth  in  the  form  of  rain.  If  the 
watery  particles  retained  the  state  of  vapour,  they  would  descend  only 
till  they  reached  a  stratum  of  air  of  their  own  specific  gravity ;  but  during 
their  iall  several  of  the  watery  particles  come  within  the  sphere  of  each 
other's  attraction,  and  unite  in  the  form  of  a  drop  of  water.  The  vapour, 
thus  transformed  into  a  shower,  is  heavier  than  any  part  of  the  atmos« 
phere,  and  consequently  descends  to  the  earth.  Observe,  that  if  the  waters 
were  never  drawn  out  of  the  earth,  vegetation  would  be  destroyed  by  the 
excess  of  moisture ;  if,  on  the  other  hand,  the  plants  were  not  nourished 
and  refreshed  by  oocasional  ahowers,  the  drought  would  be  equally  fatal 
to  them.  Were  the  clouds  constantly  in  a  state  of  vapour,  they  could 
never  fall  to  the  ground ;  or  were  the  power  of  attraction  more  than  suffi- 
cient to  convert  the  vapour  into  drops,  it  would  transform  the  cloud  into 
•  mass  of  water,  which,  instead  of  nourbhing,  would  destroy  the  produce 
of  the  earth.  We  cannot  consider  any  part  of  Nature  attentively  without 
being  struck  with  admiration  at  the  wisdom  it  displays  :  we  cannot  con- 
template these  wonders  without  feeling  our  hearts  glow  with  admiration 
and  gratitude  towards  their  bounteous  Author. 

Water,  then,  ascends  in  the  form  of  vaponr,  and  descends  in  that 
of  ruin,  snow,  or  hail,  all  of  which  ultimately  become  water.  Some  of 
this  falls  into  the  various  bodies  of  water  on  the  surface  of  the  globe,  the 
remainder  upon  the  land.  Of  the  latter,  part  re-ascends  in  the  form  of 
vapour,  part  is  absorbed  by  the  roots  of  vegetables,  and  part  descends 
into  the  bowels  of  the  earth,  where  it  forms  springy  The  only  difference 
t>etween  rain  and  spring  virater  consists  in  the  foreign  particles  which  the 
latter  meets  with  and  dissolves  in  its  passage  through  the  various  soils  it 
traverses.  Spring  water  being  more  pleasant  to  the  taste,  and  more 
transparent,  is  commonly  supposed  to  be  more  pure  than  rain  water. 
Excepting  distilled  water,  however,  rain  water  is  really  the  most  pure  wc 
can  obtain :  it  is  this  which  renders  it  insipid,  whilst  the  various  salts  and 
different  ingredients  dissolved  in  spring  water,  gfive  it  a  species  of  flavour, 
without  in  any  deg^ree  affecting  its  transparency;  and  the  filtration  it 
undergfoes  through  gravel  and  sand  In  the  bowels  of  the  earth  cleanses  it 
from  all  foreign  matter  which  it  has  not  the  power  of  dissolving. 

When  rain  falb  on  the  surface  of  the  earthy  it  continoes  making  its  way 
downwaida  through  the  pores  and  crevksea  in  the  ground.  Several  drops 
aeviiA  their  lubttniMWUi pamig»i  nnliti nnd form  a  little  rivulets  thlsi 
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in  ils  progress,  m«ls  willi  ntlipr  rivnlelii  o(  a  similor  descripHon,  and  they 
imrsiie  their  course  tuRellier  iu  tlie  interior  uf  the  tajili,  till  they  are 
stiiiipi-(l  hy  some  substance  which  ihcy  Ciiiiiiot  jieiielrale ;  for  ihourrh 
we  Imvc  Raid  thai  wqUt  under  Rtniiig  coinpreKsioo  pciietnles  the  pores 
of  gold,  when  acted  iijioii  by  no  oilier  force  than  graviiy  il  cannot  nuke 
iu  way  even  through  a  Blrutum  oFcby.  Tliia  Rpeciei  of  earth,  though  not 
remarkably  deUHC,  beinp;  of  gr*al  tenacity,  will  not  admit  tha  patugc  of 
water.  When,  therefore,  it  encounters  any  aubitanae  of  thia  nature,  ilt 
lirogresD  is  stopped,  and  the  pressure  of  the  aeciimulating  waters  forms  * 
lied,  or  rcsenoir.  , 

Fig,  0  rcprcsciiti  a  seclion  of  the  interior  of  U  hill  or  nwuntain.  A  is  a 
liixly  of  water  such  as  I  ha*e  described,  which,  when  tilled  u)!  a«  high  an 
B  (hy  the  continual  accesalon  of  walfts  it  receivea  from  tlie  duels  or 
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rivulcli  «,  a,  n,  tt),  finds  a  passu;;e  out  of  the  cavity  ;  and,  ImpdM  br 
(rravily,  runs  on,  till  it  makes  its  way  out  of  the  ground  nt  the  side  of  llic 
hill,  and  there  forms  a  spring,  C.  The  sprin;;,  during  Us  puaage  fruni 
JI  In  C,  rines  occasionally,  upon  the  same  principle  that  water  rises  in  the 
Hpoiit  of  a  lea-pot,  but  it  cannot  mount  above  the  level  of  iha  reservoiri 
whence  it  issues ;  it  must  therefore  And  n  posiinge  to  some  part  of  th« 
Hiirfuce  of  the  earth  thiit  is  lower  or  nearer  the  centre  thsn  the  reaertolr. 
Water  may  thus  be  conveyed  to  every  part  of  a  town,  and  even  to  the 
upper  stories  of  the  houses,  provided  that  it  he  orig^inally  brought  from  a 
liciglil  superior  to  any  to  which  it  is  conveyed. 

Reservoirs  of  water  are  seldom  formed  near  the  summit  of  ■  hill,  for  in 
such  elevated  situations  there  can  scarcely  be  a  sufficient  number  of  tills 
to  supply  one  ;  and  without  a  reservoir  there  can  be  no  spring.  In  aoch 
situations,  therefore,  it  is  necessary  to  dig  deep  wells,  in  order  to  meet 
with  a  spring ;  and  then  it  can  rise  in  the  well  only  as  high  as  the 
reservoir  whence  it  flows. 

When  reservoir-i  of  water  are  Rirmed  in  very  elevated  situstlons,  the 
springs  which  feed  it  descend  from  higher  hills  in  the  vicinity,  ^lere  b 
a  lake  on  the  very  summit  of  Mount  Cenis,  which  is  KUpplied  by  the  npringi 
of  the  higher  Alps  surrounding  it 

A  syphon  is  an  iuHtrument  commonly  used  to  draw  off  liquids  tmm 
lorge  casks  or  other  vessels  which  cannot  be  easily  moved.  It  conaists 
simply  of  a  bended  tube.  If  its  two  legs  are  of  equul  length,  and  flitcd 
ir/JA  liqaid,  if  beld  perfectly  level,  though  turned  downwards,  lh«  Uqtdd 
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will  not  flow  out,  but  remain  suspended  in  (he  tube  {Jig,  10);  for  there 
is  -no  pressure  of  the  atmosphere  above  the  liquid,  while  there  is  a 
File  10;  pr«sfi"«'e  from  below  upwards  upon  the  open  ends  of  the 
tube;  and  80  long  as  this  pressure  is  equal  on  both  ends, 
the  liquid  cannot  floi^  out;  but  if  the  smallest  inclination  be 
given  to  the  syphon,  so  as  to  destroy  the  equilibrium  of  (he 
water,  it  will  immediately  flow  from  the  lowest  leg.  When 
syphons  are  used  to  draw  off  liquids,  the  legs  are  made  of 
ui.equal  lengths,  in  order  to  render  the  pressure  of  the  liquid 
unequal ;  the  shortest  leg  is  immersed  in  the  cask,  and  the 
liquor  flows  out  through  the  longest.  To  accomplish  this,  it 
is  however  necessary  to  make  the  liquor  rise  in  the  shortest 
leg,  and  pass  over  the  bended  part  of  the  tube,  which  is 
higher  than  the  level  of  the  liquor  in  the  cask.  There  are  two  modes  of 
floing  this  :  one  is,  after  immersing  the  shortest  leg  in  the  liquor  to  be 
drawn  ofl;  to  suck  out  the  air  of  the  tube  from  the  orifice  of  the  longest 
leg ;  then  the  liquor  in  the  cask,  which  is  exposed  to  the  pressure  of  the 
atmosphere,  will  be  forced  by  it  in(o  the  tube  which  is  relieved  from 
pressure.  Km  lolig  as  the  tube  continues  full,  no  air  can  gain  admittance ; 
the  liquor  will  therefore  flow  on  till  the  cask  is  emptied.  The  other  mode 
is  to  flU  the  lyphon  with  the  liquor,  then  stopping  the  two  ends  with  the 
fingers,  immerse  the  shortest  leg  in  the  vessel,  and  the  same  efiect  will 
follow.  In  either  case,  the  watei  in  the  highest  part  of  the  syphon  must 
not  be  more  than  32  feet  above  the  reservoir ;  for  the  pressure  of  the 
atmosphere  will  not  support  a  greater  height  of  water. 

The  phenomena  of  springs  which  flow  occasionally,  and  occasionally 
cease,  may  often  be  explained  by  the  principle  of  the  syphon.  The  reservoir 
of  water  which  supplies  a  spring  may  be  considered  as  the  vessel  of 
liquor  to  be  drawn  oflT,  and  the  duct  the  syphon,  having  its  shortest  leg 
opening  in  the  reservoir,  and  its  longest  at  the  surface  of  (he  earth  whence 
the  spring  flows ;  but  as  the  water  cannot  be  made  to  rise  in  the  syphon 
by  either  of  the  artiflcial  modes  which  we  have  mentioned,  the  spring  will 
not  beg^n  to  flow  till  the  water  in  the  reservoir  has  risen  above  the  level 
of  the  highest  part  of  the  syphon :  it  will  then  commence  flowing  upon 
the  principle  of  the  equilibrium  of  fluids ;  but  it  will  continue  upon  the 
principle  of  the  syphon ;  fbir«  instead  of  ceasing  as  soon  as  the  equilibrium 
is  restored,  it  will  continue  flowing  as  long  as  the  opening  of  the  duct  is 
in  contact  with  tlie  water  in  the  reservoir.  Springs  which  do  not  con- 
stantly flow  are  called  intermitting,  and  are  occasioned  by  the  reservoir 
being  imperfectly  supplied. 

Reservoirs  of  water  which  are  formed  in  the  bosom  of  mountains  gene- 
rally And  a  vent  eitlier  on  their  declivity,  or  in  the  valley  beneath ;  while 
subterraneous  reservoirs  formed  in  a  plain  can  seldom  find  a  passage 
to  the  surface  of  the  earth,  but  remain  concealed,  unless  discovered  by 
digging  a  well.  When  a  spring  once  issues  at  the  surface  of  the  earth,  it 
forms  a  rivulet,  and  continues  its  course  externally,  seeking  always 
a  lower  ground,  for  it  can  no  longer  rise :  if  therefore  it  flows  into 
a  situation  which  is  surrounded  by  a  higher  ground,  its  course  is  stopped, 
the  water  accumulates,  and  forms  a  pool,  pond,  or  lake,  according  to  (he 
dimensions  of  the  body  of  water.  Thus  the  Lake  of  Geneva  is  filled  by 
the  Rhone,  which  passes  tlirough  it.  When  the  river  enters  the  valley 
which  forms  the  bed  of  the  Lake,  it  finds  itself  surrounded  by  higher 
grounds :  its  waters,  consequently,  are  pent  up,  and  accumulaX^  \iVV  vVv^>| 
riM  to  a  levd  with  that  part  of  the  valley  where  iVie  lUiou^  coii\m^)A&  \\& 
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A  shrivelled  apple  placed  within  a  receiver  becomes  plump  from  the 
expansion  of  the  air  within  it,  as  soon  as  the  pressure  of  the  external  air  is 
taken  away,  and  shrinks  to  its  former  dimensions  when  the  air  is  again 
let  into  the  receiver.  If  two  bodies  be  placed  so  close  together  that  there 
IB  absolutely  no  air  between  them,  to  counterbalance  by  its  elasticity  the 
pressure  of  the  air  on  their  outer  surfaces,  that  whole  pressure  resists 
their  separation.  It  is  thus  that  a  stone  may  be  raised  by  a  string  fixed  to 
a  piece  of  moistened  leather  pressed  close  upon  it ;  and  thus  also  that  in 
the  experiment  detailed  in  page  6,  the  pressure  of  the  atmosphere,  as 
well  as  the  cohesion  of  the  metallic  hemispheres,  prevents  their  aepara- 
tion. 

A  column  of  air  reaching  to  the  top  of  the  atmosphere,  and  whose  base 
is  a  square  inch,  weighs  15  lbs.  when  the  air  is  heaviest  The  rule  that 
fluids  press  equally  in  all  directions  applies  to  elastic  fluids  as  well  as  to 
liquids :  therefore  every  square  inch  of  our  bodies  sustains  a  pressure  of 
15  lbs.,  and  the  weight  of  the  whole  atmosphere  may  be  computed  by 
calculating  the  number  of  the  square  inches  on  the  surface  of  the  earth, 
and  multiplying  them  by  15. 

The  weight  of  a  small  quantity  of  air  may  be  ascertained  by  exhenstiiig 
the  air  from  a  bottle,  and  weighing  the  bottle  thus  emptied.  Sappoae 
that  a  bottle,  six  cubic  inches  in  dimension,  weighs  two  ounces;  if  the  mir 
be  then  introduced,  and  the  bottle  re-weighed,  it  will  be  found  heavier  by 
two  gprains,  shewing  that  six  cubic  inches  of  air  (at  a  moderate  tempera- 
ture) weighs  about  two  grains.  In  estimating  the  weight  of  air,  the  tem- 
perature must  always  be  considered,  because  heat,  by  rarefying  air,  ten* 
ders  it  lighter.  The  same  principle  indeed  applies,  almost  without 
exception,  to  all  bodies.  In  order  to  ascertain  the  specific  gpravity  of  air, 
the  same  bottle  may  be  filled  with  water,  and  the  weight  of  six  cubic 
inches  of  water  will  be  1515  grains :  so  that  the  weight  of  water  to  that  of 
air  is  about  800  to  1. 
A  barometer  is  an  instrument  which  indicates  the  state  of  the  weather, 
by  shewing  the  weight  of  the  atmosphere.  It  is  extremely 
simple  in  its  construction,  and  consists  of  a  glasi  tube, 
A  B  (Jig,  1),  about  three  feet  in  length,  and  open  only  at 
one  end.  This  tube  must  first  be  filled  with  mercury,  then 
stopping  the  open  end  with  the  finger,  it  is  immersed  in  a 
cup,  C,  which  contains  a  little  mercury.  Part  of  the  mer- 
cury which  was  in  the  tube  now  falls  down  into  the  cup, 
leaving  a  vacant  space  in  the  upper  part  of  the  tube,  to 
which  the  air  cannot  g^in  access.  This  space  is  therefore 
a  perfect  vacuum ;  and  consequently  the  mercury  in  the 
tube  is  relieved  from  the  pressure  of  the  atmosphere, 
whilst  that  in  the  cup  remains  exposed  to  it:  therefore  the 
pressure  of  the  air  on  the  mercury  in  the  cup  supports  that 
in  the  tube,  and  prevents  it  from  falling :  thus  the  equili- 
brium of  the  mercury  is  destroyed  only  to  preserve  the 
general  equilibrium  of  fluids.  This  simple  apparatus  is 
all  that  is  essential  to  a  barometer.  The  tube  and  the  cup 
or  vase  are  fixed  on  a  board,  for  the  convenience  of  sus- 
pending it;  the  board  is  graduated  for  the  purpose  of 
ascertaining  the  height  at  which  the  mercury  stands  in  the 
tube ;  and  the  small  moveable  metal  plate  serves  to  show 
that  height  with  greater  accuracy.  The  weight  of  the 
atmosphere  sustains  the  mercury  at  the  height  of  about 
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29^  inches ;  bat  the  exact  height  depends  upon  the  weight  of  the  atmos- 
phere, which  varies  much  according  to  the  state  of  the  weather.  The 
grater  the  pressure  of  the  air  on  the  mercury  in  the  cup,  the  higher  it 
will  ascend  in  the  tube.  The  air  therefore  generally  is  heaviest  in  dry 
weather,  for  then  the  mercury  rises  in  the  tube,  and  consequently  that 
in  the  cup  sustains  the  greatest  pressure ;  and  thus  we  estimate  the 
dryness  and  fairness  of  the  weather  by  the  height  of  the  mercury.  We 
are  apt  to  think  the  air  feels  heavy  in  bad  weather,  because  it  is  less 
salubrious  when  impregnated  with  damp.  The  lung^  under  these  cir* 
cumstances,  do  not  play  so  freely,  nor  does  the  blood  circulate  so  well : 
thus  obstructions  are  frequently  occasioned  in  the  smaller  vessels,  finom 
which  arise  colds,  asthmas,  agues,  fevers,  &c. 

As  the  atmosphere  diminishes  in  density  in  the  upper  regions,  the  air 
must  be  more  rare  upon  a  hill  than  in  a  plain ;  and  this  difference  may 
be  ascertained  by  the  barometer.  This  instrument  is  so  exact  in  its 
indications,  that  it  is  used  for  the  purpose  of  measuring  the  height  of 
mountains,  and  of  estimating  the  elevaUon  of  balloons.  Considerable 
inconvenience  is  often  experienced  from  the  thinness  of  the  air  in  such 
elevated  situations.  It  is  sometimes  oppressive,  from  being  insuflBcient 
for  respiration ;  and  the  expansion  which  takes  place  in  the  more  dense 
air  contained  within  the  body  is  oflen  painful :  it  occasions  distension, 
and  sometimes  causes  the  bursting  of  the  smaller  blood-vessels  in  the 
nose  and  ears.  Besides,  in  such  situations,  you  are  mora  exposed 
both  to  heat  and  cold ;  for  though  the  atmosphere  is  itself  transparent, 
its  lower  regions  abound  with  vapours  and  exhalations  from  the  earth, 
which  float  in  it,  and  act  in  some  degree  as  a  covering,  which  preserves 
us  equally  from  the  intensity  of  the  sun's  rays,  and  from  the  severity  of 
the  cold. 

Now  since  the  weight  of  the  atmosphere  supports  mercury  in  the  tube 
of  a  barometer,  it  will  support  a  column  of  any  other  fluid  in  the  same 
manner ;  but  as  mercury  is  the  heaviest  of  all  fluids,  it  will  support  a 
higher  column  of  any  other  fluid ;  for  two  fluids  are  in  equilibrium,  when 
their  heights  vary  inversely  as  their  densities  :  as,  for  instance,  if  a  cubic 
foot  of  .one  fluid  weighs  twice  as  much  as  a  cubic  foot  of  the  other,  a 
column  of  the  first  ten  feet  in  height  will  weigh  as  much  as  a  column  of 
the  other  twenty  feet  in  height.  Thus  the  pressure  of  the  atmosphere, 
which  will  sustain  a  column  of  mercury  of  twenty-nine  inches,  is  equal  to 
sustaining  a  column  of  water  of  no  less  than  thirty-four  feet  above  its  level. 
The  weight  of  the  atmosphere  is  therefore  as  great  as  that  of  a  body  of 
water  surrounding  the  globe  of  the  depth  of  thirty-four  feet ;  for  a  column 
of  air  of  the  height  of  the  atmosphere  is  equal  to  a  column  of  water  of 
thirty-four  feet,  or  one  of  mercury  of  twenty-nine  inches,  each  having  the 
same  base. 

The  common  pump  is  constructed  on  this  principle.  By  the  act  of 
pumping,  the  pressure  of  the  atmosphere  is  taken  off  one  part  of  the  sur- 
face of  the  water :  this  part  therefore  rises,  being  forced  up  by  the  pressure 
communicated  to  it  by  that  part  of  the  water  on  tlie  surface  of  which  the 
weight  of  the  atmosphere  continues  to  act.  The  body  of  a  pump  consists 
of  a  large  tube  or  pipe,  whose  lower  end  is  immersed  in  the  water  which 
it  is  designed  to  raise.  A  kind  of  stopper,  called  a  piston,  is  fitted  to 
this  tube,  and  is  made  to  slide  up  and  down  it»  by  means  of  a  metalUc 
rod  fastened  to  the  centre  of  the  piston. 

The  various  parts  of  a  pump  are  delineated  in^^.  2  (next  pa^^*^.  Il^\% 
the  pipe  or  body  of  the  pump ;  P  the  piston ;  V  a  valMt,  oi  ^A\v\«  ^^^^  *v^ 
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a  considerable  extent.  The  same  kind  of  waves  are  produced  ia  the  air 
by  the  motion  of  a  sonorous  body  ;  but  with  this  difference,  that  air,  beings 
an  elastic  fluid,  the  motion  does  not  consist  of  regularly  extend ing* 
waves,  but  of  vibrations  composed  of  a  motion  forwards  and  backwards, 
similar  to  those  of  a  sonorous  body.  The  aSrial  undulations  also  take 
place  in  all  directions,  and  are  spherical.  The  first  sphere  of  undulations 
which  are  produced  immediately  around  the  sonorous  body»  by  pre^sin^ 
ag^ainst  the  contiguous  air,  condenses  it.  The  condensed  air,  though 
impelled  forward  by  the  pressure,  re-acts  on  the  first  set  of  undulations, 
driving  them  back  again.  The  second  set  of  undulations  which  have 
been  put  in  motion,  in  their  turn  communicate  their  moUon,  and  are 
themselves  driven  back  by  re-action.  Thus  there  is  a  succession  of  waves 
in  the  air.  The  air  is  immediately  put  in  motion  by  the  firing  of  a 
cannon ;  but  ijL  requires  time  for  the  vibrations  to  extend  to  any  distant 
spot  The  velocity  of  sound  in  air  is  computed  to  be  at  the  rate  of  1142 
feet  in  a  second. 

The  direction  of  the  wind  makes  less  difference  in  the  velocity  of  sound 
than  might  be  imagined.  If  the  wind  sets  from  us,  it  bears  most  of  the 
aSrial  waves  away,  and  renders  the  sound  fainter;  but  it  is  not  very 
considerably  longer  in  reaching  the  ear  than  if  the  wind  blew  towards  us. 
In  fact,  the  wind  cannot  possibly  retard  the  progress  of  the  sound,  by 
more  than  its  own  rate  of  motion :  and  as  the  velocity  of  sound  is  about 
780  miles  in  an  hour,  the  velocity  of  even  a  high  wind  bears  too  small  a 
proportion  to  it  to  affect  very  materially  the  rate  at  which  sound  travels. 
The  nearly  uniform  velocity  of  sound  enables  us  to  determine  the  distance 
of  the  object  whence  it  proceeds  :  as  that  of  a  vessel  at  sea  firing  a  cannon, 
or  that  of  a  thunder-cloud.  If  we  do  not  hear  the  thunder  till  half  a 
minute  afler  we  see  the  lightning,  we  conclude  the  cloud  to  be  at  the  dis- 
tance of  six  miles  and  a  half. 

An  echo  is  produced  when  the  aSrial  vibrations  meet  vrith  an  obstacle 
having  a  hard  and  regular  surface,  such  as  a  wall,  or  rock :  they  may  thus 
be  reflected  back  to  the  ear,  and  produce  the  same  sound  a  second  time ; 
but  the  sound  will  then  appear  to  proceed  from  the  object  by  whidi  it 
is  reflected.  If  the  vibrations  fall  perpendicularly  on  the  obstacle,  they 
are  reflected  back  in  the  same  line  ;  if  obliquely,  the  sound  returns 
obliquely  on  the  other  side  of  the  perpendicular,  the  angle  of  reflection 
being  equal  to  the  angle  of  incidence. 

Speaking-trumpets  are  constructed  on  the  principle  of  the  reflection  of 
sound.  The  voice,  instead  of  being  diffused  in  the  open  air,  is  confined 
within  the  trumpet ;  and  the  vibrations  which  spread  and  fall  against  the 
sides  of  the  instrument,  are  reflected  according  to  the  angle  of  incidence, 
and  the  form  of  the  instniment  is  so  regulated,  that  the  whole  of  tlie 
vibrations  are  collected  into  a  focus ;  and  if  the  ear  be  situated  in  or 
near  that  spot,  the  sound  is  prodigiously  increased.    Fig.  5  represents  the 

Fig.b. 
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speaking-trumpet ;  the  rays,  as  they  issue  from  its  mouth,  are  disttn^ 
guished  by  bemg  dotted  ;  and  they  are  brought  to  a  focus  at  F.     The 
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trumpet  used  by  deaf  persons  acts  on  the  same  principle ;  the  njs,  in 
this  case,  being  collected  into  a  focus  near  the  smaller  end  of  the  trumpet 
which  is  applied  to  the  ear.  The  trumpets  used  as  musical  instruments 
are  also  constructed  on  this  principle,  so  far  as  their  form  tends  to 
increase  the  sound  ;  but,  as  a  musical  instrument,  the  trumpet  becomes 
itself  the  sonorous  body,  which  is  made  to  vibrate  by  blowing  into  it,  and 
communicates  its  vibrations  to  tbe  air. 

If  a  sonorous  body  be  struck  in  such  a  manner  that  its  vibrations  are  all 
performed  in  equal  times,  the  vibrations  of  the  air  will  correspond  with 
them,  and  be  equal  also ;  and  thus,  striking  uniformly  on  the  drum  of  the 
ear,  they  produce  an  uniform  sensation  on  the  auditory  nerve,  and  excite 
the  same  uniform  idea  in  the  mind ;  or,  in  other  words,  we  shall  hear  one 
musical  tone.  But  if  the  vibrations  of  the  sonorous  body  be  irregular, 
there  will  necessarily  follow  a  confusion  of  aSrial  vibrations ;  for  a  second 
vibration  may  commence  before  the  first  is  finished,  meet  it  half  way  on  its 
return,  and  interrupt  it  in  its  course.  The  quicker  a  sonorous  body 
vibrates,  the  more  acute  or  sharp  is  the  sound  produced.  The  duration 
of  the  vibrations  of  strings  or  chords  depends  upon  their  length,  the 
thickness  or  weight,  and  their  degree  of  tension :  thus  the  low,  bass  notes 
of  a  harp  or  piano  are  produced  by  long,  thick,  loose  strings ;  and  the 
high,  treble  notes,  by  those  which  are  short,  small,  and  tightly  strung :  so 
that  the  different  length  and  size  of  the  strings  serves  to  vary  the  duration 
of  the  vibrations,  and,  consequently,  the  acuteness  or  g^vity  of  the  notes. 

Among  the  variety  of  tones,  there  are  some  which,  sounded  together, 
please  the  ear,  producing  what  we  call  harmony,  or  concord.  This  is 
thought  to  arise  from  the  agreement  of  the  vibrations  of  the  two  sonorous 
bodies  ;  so  that  some  of  the  vibrations  of  each  strike  upon  the  ear  at  the 
sume  time.  Thus,  if  the  vibrations  of  two  strings  are  performed  in  equal 
times,  the  same  tone  is  produced  by  both,  and  they  are  said  to  be  in 
unison.  If  a  violin  is  to  be  tuned  in  unison  with  another,  the  strings 
must  be  drawn  tighter  if  too  low,  or  loosened  if  at  too  high  a  pitch,  in 
order  to  bring  them  to  vibrate  in  equal  times  with  the  strings  of  the 
other  instrument. 

But  concord  is  not  confined  to  unison,  for  two  different  tones  har- 
monize in  a  variety  of  cases.  If  one  string  (or  any  sonorous  body 
whatever)  vibrate  in  double  the  time  of  another,  the  second  vibration  of 
the  latter  will  strike  upon  the  ear  at  the  same  instant  as  the  first  vibration 
of  the  former ;  and  this  is  the  concord  of  an  octave.  If  the  vibrations  of 
two  strings  are  as  two  to  three,  the  third  vibration  of  the  first  corresponds 
with  the  fourth  vibration  of  the  latter,  producing  the  harmony  called  a 
fif\h :  so  that  when  the  key-note  is  struck  with  its  fifth,  you  hear  every 
third  vibration  of  one,  and  every  fourth  of  the  other  at  the  same  time. 
The  key-note  struck  with  the  fourth  is  likewise  a  concord,  and  the  vibra- 
tions are  as  three  to  four.  The  vibrations  of  a  major  third  with  the  key- 
note are  as  four  to  five ;  and  those  of  a  minor  third,  as  five  to  six. 

There  are  other  tones  which,  though  they  cannot  be  struck  together 
without  producing  discord,  if  struck  successively,  give  us  the  pleasure 
which  is  called  melody. 
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Sbction  I. — On  Optia. 

Optics  is  one  of  the  most  interesting  branches  of  Natural  Ptiilosopliy ; 
it  )!>  tlie  science  of  vision,  and  teocheg  ui  liow  we  see  objects.  In 
this  science,  Ixidiea  are  divided  into  liiminou*,  opaque,  and  traiuparaU. 
A  luminous  body  is  one  tliat  shines  by  its  om  light — as  the  sun,  the  fire, 
a  candle,  &c.  But  all  bodies  that  shine  are  not  luminoui:  polished 
metal.  Tor  instance,  when  it  shines  with  so  much  brllli»Dcy,  is  not  a  lurai- 
nous  body,  for  it  would  be  dark  if  it  did  not  receive  light  from  a  luminous 
Uxly:  it  belonf^s,  therefore,  to  the  class  of  opaque,  or  daik  bodiea,  which 
comprehend  all  such  as  are  ueither  luminous  nor  will  admit  the  light 
to  pass  through  them  i  and  trauspsrent  bodies  i 
the  light  to  pass  through  them, 
such  as  glass  and  water.  Trans- 
parent or  pellucid  bodies  are  fre- 
quently called  mediums  ;  and  the 
rays  of  light  which  pass  through 
Ihem  are  said  to  be  transmitted  by 
them.  Light,  when  emitted  from 
the  sun,  or  any  other  luminous 
body,  is  projected  forwards  in 
atrmight  lines  in  every  [mssible  di-  : 
rectioii,  or  at  least  appears  to  move  ; 
as  it  would  oti  that  supposition, 
so  that  the  luminous  body  not  only 
seems  ihe  general  centre  whence 
all  the  raya  proceed,  but  every 
point  of  it  may  be  considered  as  a 
centre  which  radiates  tight  in  every 
direction  (Jig.  1).  A  ray  of  light 
is  a  single  line  of  light  projected 
from  a  luminous  body ;  and  a  pen- 
cil of  rays  is  a  collection  of  rays 
proceeding  from  any  one  point  of 
a  luminous  body,  hsjig.  2. 

Philosophers  are  not  agreed  as  ' 
to  the  nature  of  light.  Some  main* 
tain  the  opinion  that  it  is  a  body  consisting  of  detached  psrticles,  which  are 
emitted  by  luminous  bodies,  in  which  case  the  particles  of  light  must  be 
inconceivably  minute,  since,  though  they  must  cross  each  other  in  evert 
direclion,  they  arc  never  known  to  interfere  with  each  other;  othera  Bup^ 
pose  it  to  be  produced  like  sound,  by  the  undulations  of  a  subtle  fluid 
diffused  throughout  all  known  space.  In  some  respects,  light  is  obedient 
to  the  lavs  which  govern  bodies ;  in  others,  it  appears  to  be  independent 
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of  them.  Thai,  Oiongfa  Its  course  cmrapoDdB  with  the  laws  of  motion, 
it  doea  not  >e«m  to  be  iofluenced  b;  those  of  gravity  ;  for  it  haa  never 
been  discoTcred  to  have  w«^t,  thoagh  «  variety  of  experiments  have 
been  made  with  »  view  of  ascertaining  that  point.  We  are,  however,  so 
ignorant  of  the  Intimate  nature  of  light,  that  an  attempt  to  investigate  it 
would  lead  ns  Into  a  labyrinth  of  perplexity,  if  not  of  error.  We  shall 
therefore  confine  our  attention  to  sudi  of  its  properties  as  are  well  ascer- 
tained. 

To  return  then  (o  the  esamioation  of  the  effects  of  the  radiation  of  light 
from  a  luminous  body ;  since  the  rays  are  projected  in  straight  hnes, 
when  they  meet  with  an  opaque  body  through  which  they  are  unable  to 
pass,  they  are  stopped  short  in  their  course,  for  they  cannot  more  in  a 
curve  line  round  the  body.  The  interruption  of  the  rays  of  light  by  the 
opaque  body  produces  therefore  darkness  on  the  opposite  aide  of  it ;  and 
ir  ihis  darkness  &11  upon  a  wall,  a  sheet  of  paper,  or  any  object  what- 
ever, it  forms  a  shadow,  for  shadow  is  nothing  more  than  darkness 
produced  by  the  intervention  of  an  opaque  body,  which  prevents  the 
rays  or  light  from  reaching  an  object  behind  it.  Ton  might  suppose 
from  this  definition  of  »  shadow,  that  it  would  be  perfectly  black ;  but  it 
frequently  happens  that  light  from  another  body  reMhes  the  space  where 
the  shadow  is  formed,  in  which  case  the  shadow  is  proportianally  fainter. 
This  happens  if  the  opaque  body  be  lighted  by  two  candles :  if  you 
extinguish  oneof  them,  the  shadow  will  be  both  deeper  and  more  distinct. 
Yet  it  will  not  be  perrectly  dark,  because  it  is  still  alighlly  illuminated  by 
light  reflected  from  the  walls  of  the  room,  and  other  surrounding  objects. 

There   are  several  things  to  be  K*  ^ 

observed  in  regard  to  the  form  and  ^' 

extent  of  shadows.  If  the  lami- 
uoue  body  A  (Jig.  3]  be  larger  than 
the  opaque  body,  B,  the  shadow 
will  gradually  diminish  in  sin  till  It 
terminate  in  a  pmnt;  if  smaller, 
the  shadow  will  continually  increase 
in  size,  as  it  is  more  distant  from 
the  object  which  projects  iL  The  shadow  of  «  figure.  A,  (Jtg.  4)  varies 
in  size  according  to  the  distance  of  the  aeveral  aurfaces,  B,  C,  D,E,  on 

Ti,.i. 


which  it  is  described.  Two  lights  oroduce  two  shadows  lh>m  the  same 
nbjecC  The  number  of  ligfau  (in  ditfercnt  directions),  while  it  decreases 
the  intenaity  of  tbe  shadows,  1d«c«m  their  number  which  always  corre- 
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Bponds  wilh  that  of  the  Ogbla  ;  for  each  light  msliM  the  opnqae  body  nit 
a.  different  shadow,  as  illustrated  by  fig.  5.  It  reprcMiita  a  ball.  A, 
lighted  by  three  candles,  BCD:  the  light  B  produces  the  shadow  6,  the 
liglit  C  the  shadow  e,  and  the  li^ht  D  ttw  abadow  d.  Now  what  becomei 
of  the  rays  of  light  which  opaque  bodies  arrest  in  thur  course,  aud  the 
interruption  of  which  ia  the  occasion  of  shadows?  Tbia  leads  to  «  very 
icnportaut  property  of  light,  Refieclion. 
Fig.  5. 


When  rays  of  light  encounter  an  opaque  body,  which  they  caunot  tra- 
verse, part  of  them  are  absorbed  by  it,  and  part  are  reflected,  and  rebound 
as  an  elastic  ball  which  is  struck  against  a  wall.  Light  in  its  reflection 
is  governed  by  the  same  laws  as  solid  perfectly  elastic  bodies.  If  a 
my  of  light  fall  perpendicularly  on  an  opaque  body,  it  is  reflected  back  in 
the  same  line  towards  the  point  whence  it  proceeded ;  if  it  &1I  obliquely, 
it  is  reflected  obliquely,  but  in  the  opposite  direction,  the  angle  of  inci- 
dence being  equal  to  the  angle  of  reflection.*  If  the  shutters  be  closed, 
and  a  ray  of  the  sun's  light  admitted  through  a  very  small  aperture,  and 
reflected  by  a  mirror,  on  which  the  ray  falls  perpendicularly,  but  one  ray 
is  seen,  fur  the  ray  of  incidence  and  that  of  reflection  are  both  in  the 
same  line,  though  in  opposite  directions,  and  thus  are  confounded  ti^ether. 
The  ruy,  therefore,  which  appears  single,  is  in  foct  double,  being  composed 
of  the  incident  ray  proceeding  to  the  mirror  and  the  reflected  raj  retumiDg 


Fig.  6. 


from  the  mirror.  These  may  be  sepa- 
rated by  holding  the  mirror,  M  (Jig.  G), 
in  such  a  manner  that  the  incident  ray, 
A  B,  shall  fall  obliquely  upon  it ;  then 
the  reflected  ray,  B  C,  will  go  off  in 
another  direction.  If  a  line  be  drawn 
from  tile  point  of  incidence,  B,  perpendi- 
cularly to  the  mirror,  it  will  divide  the 
angle  of  incidence  from  the  angle  of  re- 
flection, and  these  angles  will  be  equaL 

It  is  by  reflected  rayi  only  that  we  lee  opaque  o^JmUi    Luminous 
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bodies  send  rays  of  lig^ht  immediately  to  our  eyes ;  but  the  rays  which 
they  send  to  other  bodies  are  invisible  to  us,  and  are  seen  only  when 
reflected  or  transmitted  by  those  bodies  to  our  eyes.  Yet  it  may  be 
observed  that  the  ray  of  li^^ht  on  its  passage  from  the  sun  to  the  mirror, 
and  its  reflection,  have  been  spoken  of  as  visible,  thou|^h  in  neither  case 
were  those  rays  in  a  direction  to  enter  our  eyes.  The  fact  is,  that  what  is 
seen  is  the  light  reflected  to  the  eye  by  small  particles  of  dust  floating  in 
the  air,  and  on  which  the  ray  shone  in  its  passage  to  and  from  the 
mirror.  So  when,  in  common  phrase,  we  speak  of  seeing  the  sun  shining 
on  an  opposite  house,  it  is  impossible  to  see  a  single  ray  which  passes 
from  the  sun  to  the  house :  no  rays  are  visible  but  those  which  enter  our 
eyes ;  therefore  it  is  the  rays  which  are  reflected  by  the  house,  and  not 
those  which  proceed  from  the  sun  to  the  house,  that  are  seen.  Why, 
tlien,  does  one  side  of  the  house  appear  to  be  in  sunshine,  and  the 
other  in  the  shade;  for  if  we  cannot  see  the  sun  shine  upon  it,  the 
whole  of  the  house  should  appear  in  the  shade  ?  That  side  of  the  house 
on  which  the  sun  shines  reflects  more  vivid  and  luminous  rays  than  the 
side  which  is  in  shadow,  the  latter  being  illumined  only  by  rays  reflected 
npoii  it  by  other  objects:  these  rays  arc  therefore  twice  reflected  before 
they  reach  our  sight ;  and  as  light  is  more  or  less  absorbed  by  the  bodies 
it  strikes  upon,  every  time  a  ray  is  reflected  its  intensity  is  diminished. 
Thus,  on  a  large  sheet  of  water  the  sun  appears  to  shine  on  one  part 
only,  though  the  whole  of  it  is  equally  exposed  to  its  rays.  This  partial 
brilliancy  of  water  is  more  remarkable  by  moonlight,  on  account  of  the 
deep  obscurity  of  the  surrounding  parts.  To  account  for  this,  it  must  be 
remembered  that  the  direction  of  a  reflected  ray  depends  on  that  of  the 
incident  ray;  the  sun's  rays,  therefore,  which  fall  with  various  degrees  of 
obliquity  upon  the  water,  are  reflected  in  directions  equally  various :  some 
of  these  will  meet  the  eye,  and  it  will  see  them,  but  those  which  fall 
elsewhere  are  invisible  to  it*. 

Let  us  now  examine  by  what  means  the  rays  of  light  produce  vision. 
They  enter  at  the  pupil  of  the  eye,  and  proceeding  to  the  retina  or  optic 
nerve,  which  is  situated  at  the  back  of  the  eye-ball,  there  describe  the 
figure,  colour,  and  (with  the  exception  of  size)  form  a  complete  repre- 
sentation of  the  object  from  which  they  proceed.  If  the  shutters  be 
closed,  and  a  ray  of  light  admitted  through  the  small  aperture,  a  picture 
may  be  seen  on  the  opposite  wall  similar  to  that  which  is  delineated  on 
the  retina  of  the  eye:  it  exhibits  a  picture  in  miniature  of  the  garden,  and 
the  landscape  would  be  perfect  were  it  not  reversed.  This  picture  is 
produced  by  the  rays  of  light  reflected  from  the  various  objects  in  the 
garden,  and  which  are  admitted  through  the  hole  in  the  window-shutter. 
It  is  called  a  camera  obscura  {dark  chamber),  from  the  necessity  of 
darkening  the  room  in  order  to  exhibit  it 

The  rays  from  the  glittering  weathercock  at  the  top  of  the  alcove,  A 
C^S'  '^)>  represent  it  at  a;  for  the  weathercock  being  much  higher  than 
the  aperture  in  the  shutter,  only  a  few  of  the  rays,  which  are  reflected  by 
it  in  an  obliquely  descending  direction,  can  find  entrance  there.  The 
rays  of  light  moving  always  in  straight  lines,  those  which  enter  the  room 
in  a  descending  direction  will  continue  their  course  in  the  same  direction, 
and  will,  consequently,  fall  upon  the  lower  part  of  the  wall  opposite  the 
aperture,  and  represent  the  weathercock  reversed  in  that  spot,  instead  of 
erect  in  the  uppermost  part  of  the  landscape ;  and  the  rays  of  light  from 
the  steps,  B,  of  the  alcove,  In  entering  the  aperture,  ascend,  and  describe 

0  See  Medmict* 
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tbem  in  the  hig^hest  insleRd  of  the  lowest  part  of  (be  Undncape ;  whilst 
the  rayH  procenliDg  from  the  alcove,  which  19  to  the  left,  deicribe  it  oa 
the  wall  to  tlie  right.  Those  which  are  reflected  hy  the  walnut-tree,  C  I^ 
to  the  right,  delineate  its  fi^ire  in  the  picture  to  the  left,  c  d,  llius  the 
rays,  coming  in  diflerent  directions,  and  proceeding  always  in  ■(might 
lines,  cross  cRch  other  at  their  entrance  through  the  apertures :  those 
from  above  proceed  below,  those  from  the  right  go  to  the  lefl,  (hose  from 
the  left  towards  the  right;  thus  every  object  is  represented  in  the  jHcture 
as  occupying  a  situation  the  very  reverse  of  that  which  it  does  In  nature, 
excepting  the  flower-pot,  E  F,  which,  though  its  position  Is  reversed, 
does  not  change  its  situation  in  the  landscape  ;  for  being  immediately  in 
front  of  the  aperture,  its  rays  fall  perpendicularly  upon  it,  and  conse- 
quently proceed  perpendicularly  to  the  wall,  where  they  delineate  the 
object.  It  is  thus  that  the  picture  of  objects  is  painted  on  the  retina  of 
the  eye.  The  pupil  of  the  eye,  through  which  the  rays  of  light  enter, 
represents  the  aperture  in  the  window -shutter ;  and  the  image  delineated 
on  the  retina  is  exactly  similar  to  the  picture  on  the  wall. 

The  retina  of  the  eye  exhibits  a  much  more  perfect  image  than  an; 
mirror :  the  extensive  landscape  beheld  from  the  window  is  there  repre- 
sented with  the  greatest  accuracy.  Art  would  in  vain  attempt  to  paint 
so  small  and  distinct  a  miniature  ;  but  Nature  works  with  a  surer  hand 
and  a  more  delicate  pencil.  That  Power  which  forms  the  feathers  of  the 
butterfly  and  the  flowerets  of  the  daisy  can  alone  pourtray  »o  admir- 
able and  perfect  a  miniature.  As  the  rays  intersect  each  other  on  eotering 
the  pupil,  in  the  same  manner  as  they  do  on  entering  the  camera  obseura, 
the  image  is  reversed.  The  scene,  however,  does  not  excite  the  idea 
of  being  inverted,  because  we  always  see  an  object  in  the  direction  of  the 
rays  which  it  sends  to  us.  How  it  is  that  we  do  so  is  a  point  rather  difli* 
colt  to  explain  clearly.  The  following,  however,  seems  to  be  the  heat 
eipla&ation  : — A  ray  which  comes  from  the  upper  part  of  an  object  de- 
scrilMS  the  image  on  the  lower  part  of  the  retina ;  but  experience  having 
taught  us  that  a  ray  which  strikes  the  retina  there  comes  from  above,  we 
consider  that  part  of  the  object  it  represent)  as  uppermost    The  rays 


INTRODUCTION  TO  OPTICS.  Ixm 

proceeding  from  ibe  lower  part  of  an  object  fall  upon  the  upper  part  of 
the  retina  ;  but  aa  we  know  their  direction  to  be  from  below,  we  see  that 
part  of  the  object  they  describe  as  the  lowest.  When  you  wish  to  see 
an  object  above  you,  you  look  upwards ;  when  an  object  below,  you  look 
downwards.  You  look  up  to  see  an  elevated  object,  for  it  is  only  thus 
that  the  rays  which  proceed  from  It  bll  upon  the  retina  of  your  eyes, 
and  they  must  do  so  if  you  are  to  see  the  object  j  but  the  very  circumstance 
of  directing  your  eyes  upwards  convinces  you  that  the  object  is  elevated, 
and  teaches  you  to  consider  as  uppennont  the  image  it  forma  on  the  relina, 
though  it  is  in  fact  represented  in  the  lowest  part  of  it.  When  you  look 
down  upon  an  object,  you  draw  your  conclusion  fro*  a  similar  reason- 
iiiff.  It  is  thus  that  we  see  all  objects  in  the  direction  of  the  rays  which 
reach  our  eyes. 

The  different  apparent  dimenaions  of  objects  at  difierent  disUnces  pro- 
ceed from  our  seeing,  not  the  objects  themselves,  but  merely  their  imase 
on  the  retina.     Fig.  9  represents  a  row  of  trees,  as  viewed  in  the  camera 
Fig.  8. 


obsciira ;  the  directim  of  the  rays  from  the  oljects  to  Ibe  image  is  ex- 
(irceried  by  lines.  Observe  that  the  ray  which  comes  firam  the  top  of  the 
iieurest  tree,  and  that  which  comes  from  the  foot  of  the  same  tree,  meet 
at  the  apeKure,  forming  an  angle  of  about  twenty-five  degrees :  this  is 
culled  the  angle  of  vision,  being  that  under  which  we  see  the  tree.  These 
ruys  cross  each  other  at  the  aperture,  and  represent  the  tree  inverted  in 
llie  camera  obscura.  The  dimensions  of  the  image  are  considerably 
smaller  than  those  of  the  ol^ecl,  but  the  proportions  are  perfectly  pre- 
»^erved.  The  upper  and  lower  ray,  from  the  most  distant  tree,  form  an 
;in<;le  of  not  more  than  twelve  or  fifleen  degrees,  and  an  image  of  propor- 
tional dimensions.  Thus  two  objects  of  the  same  size,  as  the  two  trees 
■  if  the  avenue,  form  figures  of  different  sizes  in  the  camera  obscura, 
according  to  their  distance,  or,  in  other  words,  according  to  the  angle  of 
vision  under  which  they  are  seen. 

The  experience  we  acquire  by  the  sense  of  touch  corrects  the  errors 
of  our  sight  with  regard  to  objects  within  our  reach  ;  we  are  so  perfectly 
convinced  of  the  real  size  of  objects  which  we  can  handle,  that  we  do  not 
attend  to  their  apparent  difference.  The  opposite  house  does  not  appear 
to  you  much  smsJIer  than  if  you  were  close  to  it ;  and  yet  you  see  the 
whole  of  it  through  one  of  the  windows  of  the  room  you  sit  in,  and  the 
image  of  the  house  on  your  retina  must  be  very  considerably  smaller  than 
that  of  the  window  through  which  you  see  iL  Those  accuEtomed  to  draw 
from  nature  are  well  aware  of  this  difference.  When  we  look  up  an 
avenue,  the  treca  not  only  appear  smaller  as  they  are  more  distant,  but 
seem  gradually  to  approach  each  other  till  the;  meet  in  a  potnt,  for  the 


hoot 
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Toad  which  separates  the  two  rows  forms  a  smaller  visual  ang:le,  in  pro- 
portion as  it  is  more  distant  from  us ;  therefore  the  width  of  the  road 
seems  gradually  to  diminish  as  well  as  the  size  of  the  trees,  till  at  length 
the  road  apparently  terminates  in  a  point,  at  which  the  trees  seem  to 
meet. 

In  sculpture  we  copy  Nature  as  she  really  exists;  in  painting  we 
represent  her  as  she  appears  to  us — that  is  to  say,  we  do  not  copy  the 
objects,  but  the  image  they  form  on  the  retina  of  the  eye. 

If  an  object,  with  an  ordinary  degpree  of  illumination,  does  not  tut^ 
tend  an  angle  of  more  than  half  a  minute  of  a  degree,  it  is  invisible. 
There  are,  consequently,  two  cases  in  which  objects  may  be  invisible, 
either  if  they  are  too  small,  or  so  distant  as  to  form  an  angle  less  than  one 
second  of  a  degree.  The  fixed  stars  subtend  much  smaller  angles,  and 
yet  are  visible  ;  but  they  are  bodies  luminous  in  themselves,  and  possess 
much  more  than  an  ordinary  degree  of  illumination.  In  like  manner,  if 
the  velocity  of  a  body  be  so  small  that  the  arc  which  it  describes  in  an 
hour  does  not  subtend  an  angle  of  more  than  twenty  degrees,  its  motion  is 
imperceptible:  consequently  a  very  rapid  motion  may  then  be  imper- 
ceptible, provided  the  distance  of  the  moving  body  be  sufficiently  great ; 
for  the  greater  its  distance,  the  smaller  will  be  the  angle  under  which  its 
motion  will  appear  to  the  eye.  It  is  for  this  reason  that  the  motion  of 
the  celestial  bodies  is  invisible,  notwithstanding  their  immense  velocity; 
for  the  greatest  apparent  motion  of  any  celestial  body  does  not  eicecd 
fifleen  deg^rees  in  an  hour,  being  that  seemingly  produced  in  a  body  it 
the  equator  by  the  revolution  of  the  earth.  The  greatest  of  the  real 
motions  is  that  of  the  moon,  and  even  that  does  not  exceed  about  thirteen 
degrees  in  a  day.  The  real  velocity  depends  altogether  on  the  space 
comprehended  in  each  degree ;  and  this  space  depends  on  the  distance 
of  the  object  and  the  obliquity  of  its  path.  Now  we  cannot  judge  of  the 
velocity  of  a  body  in  motion  unless  we  know  its  distance ;  for,  supposing 
two  men  to  set  off  at  the  same  moment  from  A  and  B  (jig.  9),  to  walk 
each  to  the  end  of  iheir  respective  lines  C  and  D,  if  they  perform  their 

walk  in  the  same  space  of  time,  they 
must  have  proceeded  at  a  very  different 
rate ;  and  yet  to  an  eye  situated  at  £, 
they  will  appear  to  have  moved  with 
equal  velocity,  because  they  will  both 
have  gone  through  an  equal  number  of 
degrees,  though  over  a  very  unequal 
length  of  ground.  Sight  cannot  be 
implicitly  relied  on :  it  deceives  us, 
both  in  regard  to  the  size  and  the  dis- 
tance of  objects — indeed  our  senses 
would  be  very  liable  to  lead  us  into 
error,  if  experience  did  not  set  us  right. 
Nothing  more  convincingly  shows  how 
requisite  experience  is  to  correct  the 
errors  of  sight,  than  the  case  of  a  young 
man  who  was  blind  from  his  infancyi 
and  who  recovered  his  sight  at  the 
age  of  fourteen,  by  the  operation  of 
couching.  At  first  he  had  no  idea 
either  of  the  size  or  distance  of  ob- 
jects, but  imagined  that  every  thing  he  saw  touched  hia  eyes ;  and  it  wm 


Fig.  9. 
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er  Imiiig  Tepeatodly  felt  Uiem,  mod  walked  fiom  om  o^cei  to 
imi  be  acquired  an  idea  of  their  respective  dimeiudons.  their 
omtiona,  and  their  distances. 

a  image  is  formed  on  the  retina  of  each  of  oor  e  jes»  It  wonid 

we  oughl  to  see  objects  donUe.    In  fact»  however,  we  do  not; 

ips  the  best  solatton  which  has  been  oflered  of  the  difknlty  ii 

tbe  action  of  the  rays  on  the  optic  nerve  of  each  eye  is  so  perfectly 

hat  they  produce  but  a  single  sensation :  the  mind,  therefore, 

be  same  idea  from  the  retina  of  both  eyes,  and  conceives  the 

be  single.    It  is,  however,  safer  to  treat  the  feet  as  one  cstab- 

czperienoe,  but  not  admitting  of  any  satisfectory  explanaticm  ; 

mnner  in  which  external  objects  act  upon  the  mind  admits  of 

observation,  and  all  theories  respecting  it  can  therefoie  rest  on  ' 

foundation.    Persons  afflicted  with  a  disease  in  one  eye,  which 

the  rays  of  lig^t  from  aflecting  it  in  the  same  manner  as  the 

iqoently  see  douUe. 

nage  of  an  object  in  a  looking-glass  is  not  inveried,  because 
io  not  enter  the  mirror  by  a  sraiall  i^perture,  and  cross  each  other, 

0  at  the  orifice  of  a  camera  obscure,  or  the  pupil  of  the  eye. 

e  man  views  himsdf  in  a  minror,  the  rays  from  his  eyes  fell 
•ulariy  upon  it,  and  are  reflected  in  the  same  line ;  they  proceed, 
,  as  if  they  had  come  from  a  point  behind  Uie  glass,  and  the 
ct  is  produced,  as  if  they  proceeded  from  an  image  of  the  oltject 

1  bdiind  the  glass,  and  situated  there  in  the  same  manner  as  the 
Are  it  This  is  not  the  case  only  with  respect  to  rays  falling 
eolarly  on  the  glass,  but  with  all  others.  Thus  in  Jig.  10,  a 
icding  from  the  point  C  to  D  is  reflected  to  A,  and  arrives  there 
me  manner  as  if  it  bad  proceeded  firom  £,  a  point  behind  the 
the  same  distance  from  it  as  C  is  in  front  of  it 

[  may  see  himself  at  full  length  in  a  mirror  which  is  not  more 
'  his  height  (Jig.  10).  The  ray  of  light,  AB,  from  his  eye  which 
pcndieularly  on  the  mirror,  B  D,  will  be  reflected  back  in  the 
m ;  but  a  ray,  C  D,  from  his  feet,  which  falls  obtiquely  on  the 
rill  be  reflected  in  the  line  D  A ;  and  since  we  view  objects  in 
tioD  of  the  reflected  rays,  which  reach  the  eye,  and  the  image 
at  the  same  distance  behind  the  minror  as  the  object  is  before  it, 
sootinue  the  line  A  D  to  E,  and  the  line  A  B  to  F,  at  the  termi- 

Fig.  10.  Wg.  11. 
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nation  of  which  tlie  ima^e  will  be  represented.  The  1iaeD£  is  eqnil 
to  D  C,  or  to  D  A  ;  and  the  line  A  B  D  therefore,  which  represents  the 
necc<;.sary  len^h  of  the  mirror,  is  half  the  line  E  F,  which  represents  the 
heig:ht  of  the  person.  The  man  could  not  see  the  whole  of  his  person  in 
a  much  smaller  mirror;  for  a  ray  of  light  from  his  feet  would  fall  so 
obliquely  on  it,  that  it  would  be  reflected  above  his  head,  so  that  he  could 
not  see  it.  This  is  shown  by  the  dotted  line  ^g- 10).  A  man  cannot 
sec  himself  in  a  mirror  if  he  stand  to  the  right  or  the  left  of  it,  because 
the  incident  rays  falling  obliquely  on  the  mirror  will  be  reflected  obliquely 
in  the  opposite  direction,  the  angles  of  incidence  and  of  reflection  being 
e(;uaL 

Fig,  11  represents  an  eye  looking  at  the  image  of  a  vase,  reflected  by  a 
mirror :  it  must  see  it  in  the  direction  of  the  ray  A  B,  as  that  is  the  raj 
which  brings  the  image  to  the  eye ;  prolong  the  ray  to  C,  and  in  that  spot 
will  the  image  appear.  You  must  observe,  that  in  a  glass  mirror  it  is  not 
the  glass  that  reflects  the  rays  which  form  the  image,  but  the  mercury 
behind  it.  The  glass  acts  chiefly  as  a  transparent  case,  through  which 
the  rays  flud  an  easy  passage.  Could  mirrors  be  made  of  mercur}',  they 
would  reflect  more  perfectly ;  but  mercury  is  a  fluid.  By  amalgamating  it 
with  tin-foil,  it  becomes  of  the  consistence  of  paste,  attaches  itself  to  the 
glass,  and  forms,  in  fact,  a  mercurial  mirror,  which  would  be  much  more 
perfect  without  its  glass  cover,  for  the  purest  glass  is  never  completely 
transparent :  some  of  the  rays,  therefore,  are  lost  during  their  passage 
through  it,  by  being  either  absorbed,  or  irregularly  reflected.  This  im- 
perfection of  glass  mirrors  has  introduced  the  use  of  metallic  mirrors,  for 
optical  purposes.  All  opaque  bodies  would  be  mirrors,  were  their  surfaces 
sufiiciently  smooth ;  but  the  surface  of  bodies  in  general  is  so  rough  and 
uneven,  that  their  reflection  is  extremely  irregular,  which  prerents  the 
rays  from  forming  an  image  on  the  retina.  You  may  easily  conceive  the 
variety  of  directions  in  which  rays  would  be  reflected  by  a  nutmeg-grater, 
on  account  of  the  inequality  of  its  surface,  and  the  number  of  holes  with 
which  it  is  pierced.  Now  all  solid  bodies  resemble  the  nutmeg'-gmter  in 
these  respects,  more  or  less  ;  and  it  is  only  those  which  are  susceptible  of 
receiving  a  polish,  that  can  be  made  to  reflect  the  rays  with  regularity. 
As  hard  bodies  are  of  the  closest  texture,  the  least  porous,  and  capable  of 
taking  the  highest  polish,  they  make  the  best  mirrors:  none,  therefore, 
are  so  well  calculated  for  this  purpose  as  metals. 

There  are  three  kinds  of  mirrors  used  in  optics :  the  plane  or  flat, 
which  are  the  common  mirrors  we  have  just  mentioned,  convex  mirrors, 
and  concave  mirrors.  The  reflection  of  the  two  latter  is  very  different 
from  that  of  the  former. 

The  plane  mirror,  we  have  seen,  docs  not  alter  the  direction  of  the 
reflected  rays,  and  forms  an  image  behind  the  glass  exactly  similar  to  the 
object  before  it :  for  it  forms  an  image  of  each  point  of  the  object  at  the 
same  distance  behind  the  mirror,  that  the  point  is  before  it ;  and  these 
images  of  the  different  points  together  make  up  one  image  of  the  whole 
object.  A  convex  mirror  has  the  peculiar  property  of  making  the  reflected 
rays  diverge,  by  which  means  it  diminishes  the  image ;  and  a  concave  mirror 
makes  the  rays  converge,  and,  under  certain  circumstances,  magnifles  the 
image.  Let  us  beii:in  by  examining  the  reflection  of  a  convex  mirror.  This 
is  formed  of  a  portion  of  the  exterior  surface  of  a  sphere.  When  several 
parallel  rays  fall  upon  it,  that  ray  only  which,  if  prolonged,  would  pass 
through  the  centre,  or  axis  of  the  mirror,  is  perpendicular  to  it.  In  order 
to  avoid  confusion^  we  have,  in  fig,  12,  drawn  only  three  parallel  lines, 
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AB,  CDt  BF»  to  veprMent  rays  falling  on  the  convex  mirror  MN :  the 

Fig.  12. 


fmj,  yoa  will  obsenre,  is  perpendicular  to  the  mirror,  the  others 
fcO  oa  it  cMquely.  The  three  rays  being  parallel  would  all  be  perpendi- 
eaiar  to  a  flat  mirror ;  but  no  ray  can  fall  perpendicularly  on  a  spherical 
■iffior»  whidi  is  not  directed  towards  the  centre  of  the  sphere,  just  as  a 
vofhC  lUb  perpendicularly  to  the  earth  when  gravity  attracts  it  towards 
the  centre.  In  order,  therefore,  that  rays  may  fall  perpendicularly  to  the 
■irror  at  B  and  F,  tlie  rays  must  be  in  the  direction  of  the  dotted  lines* 
vhich  meet  at  the  centre,  O,  of  the  sphere,  of  which  the  mirror  forms 
t  portion. 

Now  let  us  observe  in  what  direction  the  three  rays  A  B,  C  D,  E  F, 
w31  be  reflected.  The  middle  ray  falling  perpendicularly  on  the  mirror, 
win  be  reflected  in  the  same  line ;  the  two  others  falling  obliquely,  will 
be  leflected  obliquely  to  6  and  H,  for  the  dotted  lines  are  perpendiculars, 
which  divide  their  angles  of  incidence  and  reflection,  or  they  will  proceed 
IS  if  they  came  from  the  point  L ;  and  since  we  see  objects  in  the  direction 
of  the  rdSected  ray,  we  shall  see  an  image,  answering  to  that  which  would 
be  produced  by  a  body  placed  at  L,  which  is  the  point  at  which  the 
icfiected  rays,  if  continued  through  the  mirror,  would  unite  and  form 
u  image.  This  point  is  equally  distant  from  the  surface  and  centre 
of  the  sphere,  and  is  called  the  imaginary  focus  of  the  mirror.  A  focus 
bt  point  at  which  converging  rays  unite;  in  this  case  called  an  imaginary 
focus,  because  the  rays  only  appear  to  unite  there,  or  rather  proceed 
after  reflection  in  the  same  direction  as  if  they  came  from  behind  the  mirror, 
frntn  that  point :  for  they  do  not  pass  through  the  mirror,  since  they  are 
reflected  by  it 

If  the  rays  diverge  before  they  fall  on  the  mirror,  they  will  diverge  still 
more  after  reflection ;  but  in  this  case  also  they  will  diverge  as  if  they 
pmceeded  from  a  point  within  the  mirror,  which  is  the  focus  of  those  rays. 
The  rays,  therefore,  which  really  proceed  from  a  point  in  front  of  the 
mirror,  will  appear  to  proceed  from  a  point  within  it,  at  which  they  would 
aaite,  and  form  an  image.  This  point  within  the  mirror,  like  the 
iaaginary  focus  of  parallel  rays,  is  always  a  point  in  the  line  joining  the 
centre  of  the  sphere,  with  the  point  without  the  mirror,  from  which  the 
raj%  really  proceed. 

If,  Instead  of  supposing  a  single  )uminou8  point,  we  imagine  a  V>od^  ol 
tome  umgnitade  phksed  before  the  mirror,  the  rays  of  light  whieVi  pToe^^d. 

Q  ^ 


ImiT 
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from  each  point  of  it  will  be  reflected  exactly  in  the  same  manner  as  if 
that  was  a  single  luminous  point ;  and  an  image  of  that  point  therefore 
will  be  formed  as  before,  in  the  line  joining  that  point  to  the  centre  of  the 
sphere.  An  image  being  thus  formed  of  each  point  in  the  object,  there 
will  be  an  image  of  the  whole  object,  formed  by  the  collection  of  these 
images  of  its  different  parts. 

This  image  will  necessarily  be 
smaller  than  the  object  itself.  If 
A  B  be  an  object  placed  before 
the  convex  mirror,  X  Y,  and  lines 
be  drawn  from  its  extreme  points, 
A  B  to  O,  the  centre  of  the  sphere 
of  which  the  mirror  forms  part, 
the  image  of  the  point  A  will  be  at 
a,  a  point  in  the  line  A  O ;  that  of 
B  at  6,  a  point  in  the  line  B  O ; 
and  of  course  the  image  of  every  intermediate  point  somewhere  between 
a  and  b.  Or,  in  other  words,  the  rays  which  really  proceed  firom  A  are 
seen  after  reflection  as  if  they  proceeded  from  a ;  those  from  B  as  if  ihey 
proceeded  from  b ;  and  all  others  as  if  from  some  point  between  them. 
The  lines  A  O,  B  O,  converge  to  a  point  at  O ;  and  the  points  a,  6,  which 
are  nearer  to  O  than  A,  B  are,  are  necessarily  nearer  together  than  A,  B. 
The  space,  therefore,  from  which  the  rays  afler  reflection  appear  to  pro- 
ceed is  less  than  that  occupied  by  the  body  itself,  as  the  image  is  smaller 
than  the  object. 

A  concave  mirror  is  formed  of  a  Fig,  14. 

portion  of  the  internal  surface  of  a 
hollow  sphere,  and  its  peculiar  pro- 
perty is  to  make  the  rays  of  lig^t  con- 
verge. If  three  parallel  rays,  A  B, 
CD,  £  F,  fall  on  the  concave 
mirror,  M  N  (^Jig,  14),  the  middle 
ray  will  be  reflected  in  the  same 
line,  being  in  the  direction  of  the 
axis  of  the  mirror,  and  the  two 
others  will  be  reflected  obliquely, 
as  they  fall  obliquely  on  the  mirror. 

The  two  dotted  perpendiculars  divide  their  angles  of  incidence  and  reflection: 
and  in  order  that  these  angles  may  be  equal,  the  two  oblique  rays  mudt  be 
reflected  to  L,  where  they  will  unite  with  the  middle  ray.  Thus,  when  any 
number  of  parallel  rays  fall  on  a  concave  mirror,  they  are  all  reflected  to  a 
focus :  for  in  proportion  as  the  rays  are  more  distant  from  the  axis  of  the 
mirror,  they  fall  more  obliquely  upon  it,  and  are  more  obliquely  reflected : 
in  consequence  of  which  they  come  to  a  focus  in  the  direction  of  the  axis  of 
the  mirror }  and  this  point  is  not  an  imaginary  focus  (as  with  the  convex 
mirror),  but  the  true  focus  at  which  the  rays  unite.  If  rays  fall  convergent 
on  a  concave  mirror  (Jig.  15),  they  are  sooner  brought  to  a  focus,  L,  than 
parallel  rays :  their  focus  is  therefore  nearer  to  the  mirror  MN.  Divergent 
rays  are  brought  to  a  more  distant  focus  than  parallel  rays,  as  in  fig*  16, 
where  the  focus  is  at  L ;  but  the  true  focus  of  mirrors,  either  convex  or 
concave,  is  that  formed  by  parallel  rays,  which  is  equally  distant  from  the 
centre  and  the  surface  of  the  sphere,  as  in  ^g.  12  and^.  14.  If  a 
metallic  concave  mirror  of  polished  tin  be  exposed  to  the  sun,  the  rays 
irjjj  be  collected  into  a  very  brilliant  focus ;  and  a  piece  of  paper  hid 
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in  this  focu9  will  take  fire ;  for  nbvs  of  light  cannot  be  concentrated 
without  accumulating  a  proportional  quantity  of  heat :  hence  con- 
cave mirrors  have  ohtained  the  name  of 
burning  mirrors.  If  a  burning  taper 
be  placed  in  the  focus  (Jig.  17),  the 
ray  which  falls  in  the  direction  of  the 
aiis  of  the  mirror  will  be  reflected  back 
in  the  same  line ;  but  two  other  rays, 
drawn  firom  the  focus,  and  fiilling  on  the 
mirror  at  B  and  F,  will  be  reflected  to 
A  and  E.  Therefore  the  rays  which 
proceed  from  a  light  placed  in  the  focus 
of  a  concave  mirror  fall  divergent  upon 
it,   and    are    reflected    parallel :    it  Is 

exactly  the  reverse  of  the  former  figure,  in  which  the  sun's  rays  fell 
parallel  on  the  mirror,  and  were  reflected  to  a  focus.  In  other  words, 
when  the  incident  rays  are  parallel,  the  reflected  rays  converge  to  a  focus ; 
when  the  incident  rays  proceed  from  the  focus,  they  are  reflected  parallel : 
this  is  a  very  important  law  of  optics.  We  have  said  that  the  image  was 
formed  in  the  focus  of  a  concave  mirror,  yet  glass  concave  mirrors 
are  ofien  seen,  where  the  object  is  represented  within  the  mirror,  i  n  the 
same  manner  as  in  those  which  are  convex.  This  is  the  case  only 
when  the  object  is  placed  between  the  mirror  and  its  focus ;  the  image 
then  appears  mag^fied  behind,  or  within  the  mirror. 


Section  II. — On  Refraction  and  Cohun. 

Refraction  is  the  effect  which  transparent  mediums  produce  on  light  in 
its  passage  through  them.  Opaque  bodies  reflect  the  rays,  and  transpa- 
rent bodies  transmit  them  ;  but  it  Is  found  that  if  a  ray,  in  passing  from 
one  medium  into  another  of  different  density,  fall  obliquely,  it  is  turned 
out  of  its  course.  The  power  which  causes  the  deviation  of  the  ray  is  not 
fully  understood,  nor  completely  ascertained;  but  the  appearances  are 
the  same  as  if  the  ray  (supposing  it  to  be  a  succession  of  moving  particles, 
which  is  for  this  purpose  the  most  convenient  way  of  considering  it)  were 
attracted  by  the  denser  medium  more  strongly  than  by  the  rarer.  Let  us 
suppose  the  two  mediums  to  be  air  and  water:  when  a  ray  of  light  passes 
from  air  into  water,  it  appears  to  be  more  strongly  attracted  by  tha 
latter.    If  then  a  lajr,  A  B  (Jig.  IS),  ftU  perpendm\ii\^  oc^  ^riX«c^  ^^ 
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Rttnc(ion  of  the  iralcr  acts  in  the  same  direction  as  the  ooone  of  the 
niy ;  it  will  not  therefore  cause  &  deviation,  and  the  ray  will  proceed 
straight  on  to  E  ;  but  if  it  fall  obliquely,  as  the  ray  C  B,  the  water  will 
attract  it  out  of  its  courae.  Let  us  suppose  the  ray  to  have  reached  the 
surface  of  a  denser  medium,  and  that  it  ia  there  affected  by  its  attraction. 
If  not  counteracted  by  some  other  power,  this  attractinn  would  draw  it 
perpendicularly  to  the  water  at  B,  towards  E  ;  but  it  is  also  impelled  by 
its  projectile  force,  which  the  attraction  of  the  denser  medium  cannot 
overcome  :  the  ray,  therefore,  acted  on  by  both  these  pnwerti,  moves  iti  t, 
direction  between  ihem,  and  instead  of  pursuing  its  original  course  to  D, 
or  Iwing  implicitly  [guided  by  the  water  to  E,  proceeds  towards  F,  so  that 
the  ray  appears  beul  or  broken.     C  B  (Jig.  19)  represents  a  ray  passing 


Fig.  19. 
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obliquely  from  glass  into  water;  fflass  being  ihe  denser  medium,  the  ny 
will  bt^  more  strongly  attracted  by  tiiat  which  it  leaves,  than  by  that 
which  it  enters.  The  attraction  of  the  glass  would  act  in  the  direction 
A  B,  while  the  impulse  of  projection  would  carry  the  ray  to  F :  it  moves, 
therefore,  between  these  directions  towards  D;  so  that  when  a  ray 
passes  from  a  dense  into  a  rare  medium,  a  refraction  lakes  place  in 
the  opporite  direction  to  that  observed  when  the  ray  passes  from  a  rwre 
into  a  dense  medium.  The  distance  at  which  the  denser  medium  produces 
its  effect  upon  s  ray  is  so  small  as  to  be  insensible :  the  ray  appears, 
therefore,  lo  be  refracted  only  at  the  point  at  which  it  passes  from  one 
medium  to  the  other,  and  posses  on  in  a  straight  course  through  each. 


Fig.  20. 


a  shilling  (^.  20)  be  placed 
t  the  bottom  of  an  empty  lea- 
cup,  and  the  tea-cup  at  such  a 
distance  from  the  eye  that  the  rim 
shall  hide  the  shilling,  it  will 
become  visible  by  filling  the  cup 
with  water.  In  the  firat  instance, 
(he  rays  reflected  fay  the  shilling 
are  directed  higher  than  the  eye, 
but  when  the  cup  is  filled  with 
water,  they  are  refracted  by  its 
attreiition,  and  bent  downwards  at 
quilling  it,  so  as  lo  enter  the  eye. 
When  the  shilling  becomes  visible 

by  Ihe  refraction  of  the  ray,  you  do  not  see  it  in  the  situation  w 
occapita,  but  bo  imi^  of  it  higher  in  the  cup ;  for  aa  ottjecta  altnQS 
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appear  to  be  eituated  in  the  direction  of  the  rays  which  enter  the  eye,  the 
shilling  will  be  seen  in  the  direction  of  the  refracted  ray  at  B. 

The  manner  in  which  an  oar  appears  bent  in  water  is  a  similar  effect 
of  refraction.  The  line  drawn  from  the  point  A  to  the  shillings  in  the 
last  figure  may  now  be  conceived  to  represent  an  oar  plunged  in  water ; 
the  lowest  point  being  represented  in  the  figure  by  the  little  circle,  will, 
as  before,  hare  an  image  of  itself  formed  apparently  above  it,  as  at  B. 
In  like  manner  every  point  of  the  oar  below  the  surfiice  of  the  water  will 
have  an  image  of  itselif  formed  above  it  at  some  point  in  the  dotted  line 
in  the  figure,  and  the  whole  dotted  line  will  represent  the  whole  image 
of  that  part  of  the  oar  which  is  immersed.  The  part  of  the  oar  above  the 
water,  extending  to  A,  is  seen  in  its  natural  position ;  that  below  the 
water  is  seen  as  if  reaching  along  the  dotted  line  to  B  ;  the  oar,  there- 
fore, appears  bent  or  broken  at  the  surface  of  the  water.  The  fact  of  the 
formation  of  an  image  ahoDt  the  true  place  of  the  body  does  not  depend 
i>n  the  situation  of  the  eye.  The  representation  of  the  eye  in  the  figure 
therefore,  which  was  introduced  in  the  former  paragraph,  to  explain  the 
cause  of  a  single  ray*  is  not  necessary  or  particularly  applicabte  to  the 
present  subject. 

When  we  see  the  bottom  of  a  clear  stream,  the  rays  which  it  reflects, 
being  refracted  in  their  passage  from  the  water  into  the  air,  will  make  the 
bottom  appear  more  elevated  than  it  really  is,  and  the  water  will  conse- 
quently appear  more  shallow.  Accidents  have  frequently  been  occasioned 
by  this  circumstance  ;  and  boys  who  are  in  the  habit  of  bathing  should  be 
cautioned  not  to  trust  to  the  apparent  shallowness  of  water,  as  it  will 
always  prove  deeper  than  it  appears. 

The  refraction  of  light  prevents  our  seeing  the  heavenly  bodies  in 
their  real  situation.  The  light  they  send  to  us  being  refracted  in 
passing  into  the  atmosphere,  we  see  the  sun  and  stars  in  the  direction 


of  the  refracted  ray,  as  described  in  fig.  81,  where  the  dotted  line 
represents  the  extent  of  the  atmosphere,  above  a  portion  of  the  earth, 
£  B  E.  A  ray  of  light  coming  from  the  sun,  S,  fulls  obliquely  on  it  at 
A,  and  is  refracted  to  B ;  then,  since  we  see  the  object  in  the  direction 
of  the  refracted  ray,  a  spectator  at  B  will  see  an  image  of  the  sun  at  C, 
instead  of  the  real  object  at  S.  If  the  sun  were  immediately  over  our 
heads,  its  rays  felling  perpendicularly  on  the  atmosphere  would  not  be 
refracted,  and  we  should  then  see  it  in  its  true  situation.  To  the  inha- 
bitants of  the  torrid  xone,  where  the  sun  is  sometimes  vertical,  its  rays 
are  then  not  refracted.  There  is,  however,  another  obstacle  to  seeing  the 
heavenly  bodies  in  their  true  situation,  which  affects  them  in  the  torrid 
aone  as  well  as  dsawhere.  Light  Is  about  eight  minutea  and  %  Vii\C  \^ 
lu  passage  firom  the  sun  to  toe  earth ;  thereforei  wbaia  ^Itia  tvs%  t^m^ 
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us,  the  sun  hts  quitted  the  spot  he  ooeiipicd  on  their  depaitare ;  yei  m 
see  him  in  the  direction  of  those  rays,  and  consequently  in  a  aitnatioii 
which  he  had  abandoned  eight  minutes  and  a  half  before.  In  speaking 
of  the  sun's  motion,  we  mean  his  apparent  motion,  produced  by  thedhomial 
rotation  of  the  earth,  for  the  effect  being  the  same  whether  it  be  oar 
earth  or  the  heavenly  bodies  which  move,  it  is  more  easy  to  represent 
things  as  they  appear  to  be,  than  as  they  really  are.  The  refraction  of 
the  sun's  rays  by  the  atmosphere  prolongs  our  days,  as  it  occasions  onr 
seeing  an  image  of  the  sun,  both  before  he  rises  and  after  he  sets ;  for 
below  the  horizon  he  still  shines  upon  the  atmosphere,  and  his  rays  are 
thence  refracted  to  the  earth.  So  likewise  we  see  an  imag^  of  the  sun 
before  he  rises,  the  rays  that  previously  fall  upon  the  atmosphere  being 
reflected  to  the  earth. 

In  passing  through  a  pane  of  glass  the  rays  sufier  two  reductions, 
which  being  in  contrary  directions,  produce  nearly  the  same  effect  as  if  no 
refraction  had  taken  place. 

Fig,  22,  A  A  represents  a  thick  pane  of  glass  seen  edgeways.  When 
the  ray  B  approaches  the  glass  at  C,  it  is  refracted  by  it ;  and,  instead  of 
continuing  its  course  in  the  same  direction,  as  the  dotted  line  deacribes, 
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it  passes  through  the  pane  to  D ;  at  that  point  returning  into  the  air,  it  is 
again  refracted  by  the  glass,  but  in  a  contrary  direction,  and  in  conse* 
quence  proceeds  to  £.  Now  the  ray  B  C  and  the  ray  D  E  being  parallel, 
the  light  does  not  appear  to  have  suffered  any  refraction ;  for  if  a  ray  of 
light  passes  from  one  medium  into  another,  and  through  that  into  the  first 
again,  the  two  refractions  being  equal  and  in  opposite  directions,  no 
sensible  effect  is  produced ;  for  the  direction  is  the  same,  and  the  little 
space  by  which  the  ray  is  thrown  to  one  side,  as  represented  in  fig.  22,  is 
necessarily  less  than  the  thickness  of  the  medium,  and  the  thickness  of  a 
pane  of  glass  is  too  little  to  be  worth  considering.  But  this  is  the  case 
only  when  the  two  surfaces  of  the  refracting  medium  are  parallel  to  each 
other;  if  they  are  not,  the  two  refractions  may  be  made  in  the  same 
direction.  Thus,  when  parallel  rays  {Jig,  23)  fall  on  a  piece  of  glass  hav- 
ing a  double  convex  surface,  which  is  called  a  lens,  that  only  which  falls  in 
the  direction  of  the  axis  of  the  lens  is  perpendicular  to  the  surface ;  the 
other  rays  falling  obliquely  are  refracted  towards  the  axis,  and  wiD  meet 
at  a  point  beyond  the  lens,  called  its  focus.  Of  the  three  rays  A,B,C, 
which  fall  on  the  lens  D  E,  the  rays  A  and  C  are  refracted  in  their 
passage  through  it,  to  a  and  c,  and  on  quitting  the  lens  they  undergo  a 
iBecond  refraction  in  the  same  direction,  which  unites  them  with  the  ny  B, 
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al  Um  ibeiM  F*.  The  focal  distance,  or  distance  of  the  focus  from  the 
surface  of  the  lens,  depends  both  upon  the  form  of  the  lens  and  of  the 
refractive  power  of  the  substance  of  which  it  is  made ;  in  a  glass  lens, 
both  sides  of  which  are  equally  convex,  the  focus  is  situated  nearly  at  the 
centre  of  the  sphere  of  which  the  surface  of  the  lens  forms  a  portion :  it 
is  at  the  distance,  therefore,  of  the  radius  of  the  sphere. 

There  are  lenses  of  various  forms,  which  are  represented  in  fig.  24. 
The  property  of  those  which  have  a  convex  surface  is  to  collect  the  rays 
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of  light  to  a  focus ;  and  of  those  which  have  a  concave  surface,  to  dis- 
perse them :  for  the  rays  A,  C,  filing  on  the  concave  lens  X  Y  (Jig.  25), 
instead  of  converging  towards  the  ray  B,  which  fiills  on  the  axis  of  the 
leus,  will  each  be  attracted  towards  the  lens,  both  on  entering  and  quitting 
it,  and  will,  therefore,  by  the  first  refraction,  be  made  to  diverge  to  a,  c, 
and  by  the  second  \o  d^t.  Lenses  which  have  one  side  flat,  and  the 
other  convex  or  concave,  as  A  and  B,^.  24,  are  called  plano-convex  and 
plano-concave  lenses.     The  focus  of  the  former  is  at  the  distance  of  the 
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diameter  of  a  sphere,  of  which  the  convex  surface  of  the  lens  forms  a 
portion,  as  represented  in  fig.  26.     The  three  parallel  rays,  A,  B,  C,  are 
brought  to  a  focus  by  the  plano-convex  lens  X  T  at  F. 
Thus  &r  we  have  only  spoken  of  the  refraction  of  parallel  rays ;  if  the 

^  The  icfnidioBi  wiU  at  oace  amar  to  ba  io  the  laaia  dirfclion  it  perpeodknilan  to 
thaaur&noftliakMibadtawnatttiaMiBlawbentha  ray ntan  andquiti  it:  beanos 
«  mhid  tta*  t^  laM  being  danatr  tiwn  tba  air,  the  lay  te  amm  taww^a  ISba  \wv»i' 
dicnlar  oa  aBMas^  aad/inm  it  OB  ^otttiiig  the  Isna. 
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rays  diverge  originally,  they  will  be  less  coDTergent  or  more  divergent 
after  refraction,  but  they  would  in  general  still  finally  meet  at  a  point,  or 
appear  to  diverge  from  one.  Taking  the  case  of  a  convex  lens,  the 
point  at  which  they  would  meet  would  he  ^rther  from  the  lens  than  tliat 
in  which  parallel  rayn  meet,  and  continually  fiirther  and  farther,  as  the 
rays  were  more  divergent,  or  as  the  body  from  which  they  procee<led  was 
brought  nearer  to  the  lens.  An  image*  would  therefore  be  formed,  but 
coniinuaity  farther  and  farther  from  the  lens,  as  the  body  approached  it ; 
and  the  image  is  smaller  or  larger  than  the  body,  as  it  is  nearer  to  or 
farther  from  the  lens  than  the  body  itself  is.  If  the  body  is  brought  as 
near  to  the  lens  as  the  distance  of  the  focus  for  parallel  rays,  no  image 
would  be  formed,  for  the  rays  would  be  refracted  parallel  to  each  other ; 
and  if  the  body  were  brought  still  nearer,  the  rays  would  diveige  after 
refraction.  The  case  of  a  convex  lens  is  one  of  the  most  simple  and  the 
most  important ;  but  the  same  principle  may  easily  be  extended  to  other 
cases.  p^^  27 

We  shall  next  explain  the  re- 
fraction  of  a  triangular  piece  of 
glass,   called  a  prism  (^g.  27). 

The    sides    are    flat;     it    cannot  "\^        .   ^^^ 

therefore  bring  the  rays  to  a  focus, 
nor  can  its  refraction  be  similar  to 
that  of  a  flat  pane  of  glass,  because 
it  has  not  two  sides  parallel.  The 
refractions  of  the  light,  on  entering  and  on  quitting  the  prism,  are  both  in 
the  same  directiont.  On  entering  the  prism  F,  the  ray  is  refracted  from 
B  to  C,  and  on  quitting  it  from  C  to  D.  If  the  window-shutters  be 
closed,  and  a  ray  of  light,  admitted  through  a  small  aperture,  fall  upon  a 
prism,  it  will  be  refracted,  and  a  spectrum,  A  B  (fy,  28),  representing 
all  the  colours  of  the  rainbow,  will  be  formed  on  the  opposite  wall  It  is 
difficult  to  conceive  how  a  piece  of  white  glass  can  produce  such  a  variety 
of  brilliant  colours  ;  but  the  fact  is,  that  the  colours  are  not  formed  by  the 
prism,  but  existed  in  the  ray  previous  to  its  refraction ;  for  the  white  rays 
of  the  sun  are  composed  of  coloured  rays,  which,  when  blended  together, 
appear  colourless  or  white. 

Sir  Isaac  Newton,  to  whom  we  are  indebted  for  the  most  important 
discoveries  respecting  light  and  colours,  was  the  first  who  divided  a  white 
ray  of  light,  and  found  it  to  consist  of  an  assemblage  of  coloured  rays, 
which  formed  an  image  upon  the  wall,  such  as  is  exhibited  {Jig,  28),  in 
which  are  displayed  the  following  series  of  colours — red,  orange,  yellow, 
green,  blue,  indigo,  and  violet  Now  a  prism  separates  these  coloured 
rays  by  refraction.      It  appears  that  the  coloured  rays   have   different 

*  Wc  speak  of  the  formation  of  an  tmage  at  a  point  wherever  the  rays  after  reflection 
or  refraction  proceed,  as  if  they  diverged  from  that  point.  The  object  is  then  seen  as 
an  image  of  it  placed  there  would  be.  This  imag^,  however,  has  n<^  under  common 
circumstances,  any  real  existence.  The  rays  pass  through  the  point  in  question  ;  but  as 
they  are  only  seen  by  an  eye  in  tlie  direction  of  their  motion,  a  spectator  any  where  else 
will  not  see  them  at  all,  and  the  spectator  who  docs  see  them  will  only  know  the  diredioa 
in  which  they  move.  If^  however,  a  screen  be  placed  at  the  focus,  so  as  to  intercept  and 
reflect  the  rays,  the  exbtence  of  the  image  will  be  proved  by  the  actual  formation  of  a 
distinct  picture  of  the  object  upon  the  screen ;  if  the  screen  be  placed  nearer  or  farther 
off,  so  that  the  rays  have  not  yet  accurately  converged  to,  or  have  begun  to  diverge  fiom, 
the  focus,  there  will  be  a  conuned  spot  of  light,  but  no  distinct  repreaentatioii. 

f  This  will  at  once  ^ipesr,  as  in  the  case  of  the  lens^  by  drawing  popendieiilais  to  te 
ButiiMs  oC  the  pdsm  wfane  the  ray  eaters  and  quits  it 
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degrees  of  refrangibility ;  in  passing  through  the  prism,  therefore,  they 
take  different  directions,  according  to  their  susceptibih'ty  of  refraction. 
The  violet  rays  deviate  most  from  their  original  course :  they  appear  at 
one  end  of  the  spectrum  A  B.  Contiguous  to  the  violet  are  the  indigo 
rays,  being  those  which  have  somewhat  less  refrangibility  :  then  follow,  in 
succession,  the  blue,  green,  yellow,  orange,  and,  lastly,  the  red,  which  are 
the  least  refrangible  of  the  coloured  rays.  The  union  of  these  colours,  in 
the  proportions  in  which  they  appear  in  the  spectrum,  produces  In  us  the  idea 
of  whiteness.  If  a  card  be  painted  in  qompartments  with  these  seven 
colours,  and  whirled  rapidly  on  a  pin,  it  will  appear  white.  But  a  more 
decisive  proof  of  the  composition  of  a  white  ray  Is  afforded  by  re-uniting 
these  coloured  rays,  and  forming  with  them  a  ray  of  white  light.  This 
can  be  done  by  letting  the  coloured  rays,  which  have  been  separated  by  a 
prism,  fall  upou  a  lens,  which  will  make  them  converge  to  a  focus ;  and  when 
thus  rt*united,  they  will  appear  white  as  they  did  before  refraction.  The 
prism  P  (fy;,  29)  separates  a  ray  of  white  light  into  seven  coloured  rays  ; 
and  the  lent  L  L  brings  them  to  a  focus  at  F,  wbere  they  again  appear 
white :  thus,  by  means  of  a  prism  add  a  lens,  we  can  take  a  ray  of  white 
Kght  to  pieces,  and  piit  it  together  again. 

Fig.  29. 


This  division  of  a  ray  of  white  Ugfat  into  different  colours,  being  caused 
by  the  unequal  refrangibility  of  the  different  coloured  rays«  must  take 
place,  more  or  Icsa,  whoever  the  fay  suffers  refiraction.  Thus  the  ta.vivV^'N  % 
whteh  exhibita  a  serlea  of  coiouta  to  aoalogoos  to  thoae  oC  x3kie  %^cXt>»xi^ 
m  formed  bj  the  idbcftloD  of  Ibe  $utf%  rays  in  (hm  paaai^  iibxo>^^  ^ 
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shower  of  rain,  every  drop  of  which  acts  as  a  prism,  in  tqMUrating  the 
coloured  rays  as  they  pass  through  it 

The  sun's  rays  may  be  collected  to  a  focus  by  a  lens  in  the  same 
manner  as  they  are  by  a  concave  mirror:  in  the  first,  the  rays  pass 
throuG^h  the  glass,  and  converge  to  a  focus  behind  it ;  in  the  latter  they 
are  reflected  from  the  mirror,  and  brought  to  a  focus  before  it  A  lens, 
when  used  for  this  purpose,  is  called  a  burning  glass;  and  if,  when 
the  sun  shines  bright,  a  piece  of  paper  be  held  in  Uie  focus  of  the  rays, 
it  will  take  fire.  This  experiment  succeeds  best  with  brown  or  any 
dark-coloured  paper ;  for  though  it  is  true  that  the  lens  collects  an  equal 
number  of  rays  to  a  focus,  whether  the  paper  held  there  be  white  or 
coloured,  the  white  paper  appears  more  luminous  in  the  focus,  because 
most  of  the  rays,  instead  of  entering  into  the  paper,  are  reflected 
by  it ;  and  this  is  the  reason  that  the  paper  is  not  burnt ;  whilst,  on  the 
contrary,  the  coloured  paper,  which  absorbs  more  light  tlian  it  reflects, 
soon  becomes  heated  and  takes  fire. 

It  is  supposed  that  the  tendency  to  absorb  or  reflect  rays  depends  on 
the  arrangement  of  the  minute  particles  of  the  body,  and  that  the  diversity 
of  arrangement  renders  some  bodies  susceptible  of  reflecting  one  coloured 
ray,  and  absorbing  the  others ;  whilst  other  bodies  have  a  tendency  to 
reflect  all  the  colours,  and  others  again  to  absorb  them  all.  A  body 
appears  to  be  of  the  colour  which  it  reflects ;  as  we  see  it  only  by  reflected 
rays,  it  can  appear  but  of  the  colour  of  those  rays.  Thus  grass  is  green, 
because  it  absorbs  all  except  the  green  rays :  it  is,  therefore,  these  only 
which  the  grass  and  trees  reflect  to  our  eyes,  and  which  make  them 
appear  green.  The  sky  and  flowers,  in  the  same  manner,  reflect  the 
various  colours  of  which  they  appear  to  us :  the  rose,  the  red  rays  ;  the 
violet,  the  blue ;  the  jonquil,  the  yellow,  &c.  If  you  imagine  that  these 
are  the  permanent  colours  of  the  grass  and  flowers,  you  are  mistaken. 
Whenever  you  see  those  colours,  the  objects  must  be  illuminated ;  and 
light,  from  whatever  source  it  proceeds,  is  of  the  same  nature,  composed 
of  the  various  coloured  rays,  which  paint  the  g^rass,  the  flowers,  and  every 
coloured  object  in  nature.  Objects  in  the  dark  have  no  colour,  or  are 
black,  which  is  the  same  thing.  Tou  can  never  see  objects  without  light. 
Light  is  composed  of  colours,  therefore  there  can  be  no  lig^t  without 
colours ;  and  though  every  object  is  black,  or  without  colour  in  the  dark, 
it  becomes  coloured  as  soon  as  it  becomes  visible. 

An  object  placed  in  a  coloured  ray  of  light  which  has  been  refracted 
by  a  prism,  will  appear  of  the  colour  of  the  ray  in  which  it  is  placed.  A 
sheet  of  white  paper  will  take  all  the  colours  indiflferently,  but  a  coloured 
body  will  appear  most  brilliant  when  placed  in  the  ray  which  it  naturally 
reflects.  But  though  bodies,  from  the  arrangement  of  their  particles, 
have  a  tendency  to  absorb  some  rays  and  reflect  others,  yet  they  are  not 
so  perfectly  uniform  in  their  arrangement  as  to  reflect  only  pure  rays  of 
one  colour,  and  perfectly  absorb  the  others.  A  body  reflects,  iu  great 
abundance,  the  rays  which  determine  its  colour,  and  the  others  in  a 
greater  or  less  degree,  in  proportion  as  they  are  nearer  or  farther  from 
its  own  colour,  in  the  order  of  refrangibility. 

Bodies  which  reflect  all  the  rays  are  white  ;  those  which  absorb  them 
all  are  black.  Between  these  extremes  they  appear  lighter  or  darker,  in 
proportion  to  the  quantity  of  rays  they  reflect  or  absorb.  A  rose  is  of  a 
pale  red  :  it  approaches  nearer  to  white  than  black,  it  therefore  reflects 
rays  more  abundantly  than  it  absorbs  them.  Pale-coloured  bodies  reflect 
aH  the  coloured  rays  to  a  certain  degree,  which  produces  their  paleness, 
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approaching  to  whiteness  ;  but  one  colour  they  reflect  more  than  the  rest : 
this  predominates  over  the  white,  and  determines  the  colour  of  the  body. 
Since,  then,  bodies  of  a  pale  colour  in  some  degree  reflect  all  the  rays  of 
light,  in  passing  through  the  various  colours  of  the  spectrum,  they  will 
reflect  them  all  with  tolerable  brilliancy,  but  will  appear  most  vivid  in  the 
ray  of  their  natural  colour.  The  green  leaves,  on  the  contrary,  are  of  a 
dark  colour,  bearing  a  stronger  resemblance  to  black  than  to  white :  they 
have,  therefore^  a  greater  tendency  to  absorb  than  to  reflect  rays.  Blue 
often  appears  green  by  candle-light,  because  this  light  is  less  pure  than 
that  of  the  sun;  and  when  refracted  by  a  prism,  the  yellow  rays  predomi- 
nate ;  and  as  the  admixture  of  blue  and  yellow  forms  green,  the  super- 
abundance of  yellow  gives  to  blue  bodies  a  greenish  hue. 

The  sun  appears  red  through  a  fog,  owing  to  the  red  rays  having 
a  greater  momentum,  which  gives  them  power  to  traverse  so  dense  an 
atmosphere.     For  the  same  reason  the  sun   generally  appears  red  at 
rising  and  setting :    as  the  increased  quantity  of  atmosphere  which  the 
oblique  rays  must  traverse,  loaded  with  the  mists  and  vapours  which  are 
usually  formed  at  those  times,  prevents  a  large  proportion  of  the  other 
rays  from  reaching  us.     The  colour  of  the  atmosphere,  commonly  called 
the  sky,  is  blue ; — now  since  all  the  rays  traverse  it  in  their  passaire 
to  the  earth,  it  would  be  natural  to  infer  that  it  should  be  white  ;   but  we 
must  not  forget  that  we  see  none  of  the  rays  which  pass  from  the  sun 
to  the  earth,  excepting  those  which  meet  our  eyes ;  and  this  happens 
only  if  we  look  at  the  sun,  and  thus  intercept  the  rays,  in  which  case, 
you  know,  it  appears  white.     The  atmosphere  is  a  transparent  medium, 
through  which  the  sun's  rays  pass  freely  to  the  earth  ;  but  when  reflected 
back  into  the  atmosphere,  their  momentum  is  considerably  diminished, 
and  they  have  not  all  of  them  power  to  traverse  it  a  second  time.    The 
momentum  of  the  blue  rays  is  least;  these,  therefore,  are  the  most  im- 
peded in  their  return,  and  are  chiefly  reflected  by  the  atmosphere ;  or  it 
may  be  that,  without  any  question  of  momentum,  the  colour  which  the 
particles  of  air  most  readily  reflect  is  blue — ^just  as  grass  reflects  the 
g7«en,  or  a  rose  the  red  rays.     This  reflection  is  performed  in  every  pos- 
sible direction ;  so  that  wherever  we  look  at  the  atmosphere,  some  of 
these  rays  fall  upon  our  eyes :  hence  we  see  the  air  of  a  blue  colour.     If 
the  atmosphere  did  not  reflect  any  rays,  though  the  objects  on  the  sur- 
face of  the  earth  would  be  illumined,  the  skies  would  appear  perfectly 
black.    This  would  ^ot  only  be  very  melancholy,  but  it  would  be  per- 
nicious to  the  sight,  to  be  constantly  viewing  bright  objects  against  a 
black  sky. 

When  bodies  change  their  colour,  as  leaves  which  wither  in  autumn, 
or  a  spot  of  ink  which  produces  an  iron-mould  on  linen,  it  arises  from 
some  chemical  change,  which  takes  place  in  the  internal  arrangement  of 
the  parts,  by  which  they  lose  their  tendency  to  reflect  certain  colours, 
and  acquire  the  power  of  reflecting  others.  A  withered  leaf  thus  no 
longer  reflects  the  blue  rays :  it  appears,  therefore,  yellow,  or  has  a  slight 
tendency  to  reflect  several  rays  which  produce  a  dingy  brown  colour. 
An  ink-spot  on  linen  at  first  absorbs  all  the  rays ;  but,  exposed  to  the  air, 
it  undergoes  a  chemical  change,  and  the  spot  partially  regains  its  ten 
dency  to  reflect  colours,  but  with  a  preference  to  reflect  the  yellow 
rays ;  and  such  is  the  colour  of  the  iron-mould. 


Shtiom  m. — On  the  Stmelmn  oftke  Bge  and  O^eal  IntlrumeiiU, 

Thb  body  of  the  eye  is  of  ft  ipheri-  ^'  30- 

cal  furm  fj§.  30).  It  has  two  mem- 
braneout  covering*; — the  eiternat 
one,  a  a  a.  is  called  the  scIeroticB: 
this  has  K  projectioB  in  that  part  oi 
the  eye  which  is  exposed  to  view, 
h  b.  which  is  called  the  cornea, 
because,  when  dried,  it  has  nearly 
the  coiisisUnce  of  very  fiae  horn, 
and  is  sufficiently  transparent  for 
the  light  to  obtain  free  passage 
through  it.  The  second  membrane 
which  lines  the  co^ne^  and  enve- 
lopes the  eye,  is  called  the  choroid, 
c  c  e ;  this  has  an  opening  in  front 
just  beneath  the  cornea,  which  forms 
the  pupil,  d  d,  through  which  the 
rays  ofhght  pass  into  the  eye.  The 
pupil  itt  surrounded  by  a  coloured 
horder  of  fibres,  called  the  iris,  e  e,  ' 
which,  by  its  motion,  always  pre- 
serves the  pupil  of  a  circular  form, 
whether  it  be  expanded  in  the  dark 
or  contracted  by  a  strong  light. 
(.Fig-  31) 

The  construction  of  the  eye  is  ao  admifable,  that  it  is  capable  of  adapt- 
ing itself,  more  or  less,  to  the  circumstances  in  which  it  is  placed.  In  a 
faint  light  the  pupil  dilates  so  as  lo  receive  an  additional  quantity  of  r«ya; 
and  in  a  strong  light  it  contracts,  in  order  to  prevent  the  intensity  of  the 
light  from  injuring  the  optic  nerve.  The  eyes  suBer  pain,  when  from 
darkness  they  suddenly  come  into  a  strong  light ;  for  the  pupil  being 
dilated,  a  quantity  of  rays  rush  in  before  it  has  time  to  contract ;  and 
when  we  f^  from  a  strong  light  into  obscurity,  we  at  tint  imagine 
ourselves  in  total  darkness  ;  for  a  sufficient  number  of  rays  cannot  gaia 
admittance  into  the  contracted  pupil  to  enable  os  to  disUnguiih  olgects; 
but  in  a  few  minutes  it  dilates,  and  we  clearly  perceive  what  was  before 
invisible.  The  choroid,  c  c,  is  imbued  with  a  black  liquor,  which  serve* 
to  absorb  all  the  tsys  that  are  irregularly  reflected,  and  to  convert  the 
body  of  the  eye  into  a  more  perfect  camera  obscura.  When  the  pupil  is 
expanded  to  its  ulmost  extent,  it  is  capable  of  admitting  ten  times  the 
quantity  of  light  that  il  does  when  most  contracted.  In  cats,  and  animals 
which  are  said  lo  see  in  the  dark,  the  power  of  dilatation  and  contiactino 
of  the  pupil  is  still  greater ;  it  is  computed  that  their  pupils  may  receive 
one  hundred  times  more  light  at  one  time  than  at  another.  Within  these 
coverings  of  the  eye-ball  are  contained  three  transparent  substances,  called 
humours.  The  first  occupies  the  space  immediately  behind  the  cornea, 
and  is  called  the  aqueous  humour,//  from  its  liquidity  and  its  resem- 
blance  to  water.      Beyond  this  is  situated  the  crystalline  humour,  f^. 
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which  derives  its  name  from  its  clearness  and  transparency :  it  has  the 
form  of  a  lens,  and  refracts  the  rays  of  light  in  a  greater  degree  of  per- 
fection thftn  any  that  have  been  constructed  by  art :  it  is  attached  by  fibres, 
mm,  to  each  side  of  the  choroid.  The  back  part  of  the  eye,  between  the 
crystalline  humour  and  the  retina,  is  filled  by  the  vitreous  humour,  h  A, 
which  derives  its  name  from  a  resemblance  it  is  supposed  to  bear  to  glass 
or  vitrifled  snbtUnoea.  The  membranous  coverings  of  the  eye  are 
intended  chiefly  for  the  preservation  of  the  retina,  i  t,  which  is  by  far  the 
most  important  part  of  the  eye,  as  it  is  that  which  receives  the  impression 
of  the  objects  of  sight  The  retina  consists  of  an  expansion  of  the  optic 
nerve,  of  perfect  whiteness :  it  proceeds  from  the  brain,  enters  the  eye 
at  n  on  the  side  next  the  nose,  and  is  finely  spread  over  the  interior 
surface  of  the  choroid.  The  rays  of  light  which  enter  the  eye  by  the 
pupil,  are  refracted  by  the  several  humours  in  tlieir  passage  through 
them,  and  unite  in  a  focas  on  the  retina. 

Rays  proceed  from  bodies  in  all  possible  directions ;  we  must,  therefore, 
consider  every  part  of  an  object  which  sends  rays  to  our  eyes  as  points 
from  which  the  rays  diverge,  as  from  a  centre.  Divergent  rays,  on  entering 
the  pupil,  do  not  cross  each  other ;  the  pupil,  however,  is  sufficiently 
large  to  admit  a  small  pencil  of  them ;  and  these,  if  not  refracted  to  a 
focus  by  the  humours,  would  continue  diverging  after  they  had  passed 
the  pnpil,  would  fall  dispersed  upon  the  retina,  and  thus  the  image  of  a 
single  point  would  be  expanded  over  a  large  portion  of  the  retina.  The 
divergent  rays  from  every  other  point  of  the  object  would  be  spread  over 
a  similar  extent  of  space,  and  would  interfere  and  be  confounded  witli  the 
first,  so  that  no  distinct  imag^  could  be  formed  on  the  retina. 

Fig,  92  repreaenta  two  pencils  of  rays  issuing  from  two  points  of  the 
tree  A,  B,  and  entering  the  pupils  refiracted  by  the  crystalline  humour  D, 
and  formmg  distinct  images  of  the  spot  they  proceed  from  on  the  retina, 
at  a,  6.  Fig.  88  diflera  from  the  preceding,  merely  from  not  being  sup- 
plied with  a  lens :  in  consequence  of  which  the  pencils  of  rays  are  not 
refracted  to  a  focus*  and  no  distinct  image  is  formed  on  the  retina.  The 
rays  issuing  firom  two  pmnta  of  an  ob|ect  ara  alone  delineated,  and 
the  two  peneila  in  M§»  8S  distinguished  by  describing  one  of  them 
with  dotted  lines.    The  interference  of  these  two  pencils  of  rays  will 

Fig.  82. 


enable  you  to  form  an  idea  of  the  confusion  which  would  arise  from 
thousands  and  millions  of  points  at  the  same  instant  pouring  their 
divergent  rays  upon  the  retina.  The  refraction  of  the  several  humours 
unites  the  whole  of  a  pencil  of  rays,  proceeding  from  any  one  point  of  an 
object,  in  a  corresponding  point  on  the  retina,  and  the  image  \a  Uv\v&  x^^-. 
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dered  diBitnci  and  strong.  If  you  conoeWe  (in  Jig,  82)  every  point  of  the 
tree  to  send  forth  a  pencil  of  rays  similar  to  thoee.  A,  B»  every  pari  of  the 
tree  will  be  as  accurately  represented  on  the  retina  as  the  points  o^  6.  Tou 
may  perhaps  inquire  why,  since  the  eye  requires  refracting  hmnoim  in 
order  to  form  a  distinct  representation  on  the  retina,  the  same  refraetioiis 
are  not  necessary  for  the  image  formed  in  the  camera  obscmna?  It  b 
because  the  aperture  through  which  we  receive  the  rays  into  the  camera 
obsciira  is  so  extremely  small*  that  but  very  few  of  the  rays  diverging  Iron 
a  point  gain  admittance  ;  but  if  the  aperture  be  enlargeid,  and  fiimiahed 
with  a  lens,  the  landscape  will  be  more  perfectly  represented. 

That  imperfection  of  sight  which  arises  from  the  eyes  being  too  promi- 
nent, is  owing  to  the  crystalline  humour,  D  (Jig.  34)  being  too  oonvei ; 
in  consequence  of  which  it  refracts  the  rays  too  much,  and  collects  a 
pencil,  proceeding  from  the  object  A  B,  into  a  focus,  F,  before  they  reach 
the  retina.    From  this  focus,  the  rays  proceed  diverging*  and  eonse- 

1^.84. 


Fig.  35. 


quently  form  a  very  confused  image  on  the  retina,  at  a  6.  Tliis  is  the 
defect  of  short-sighted  people  ;  and  it  is  remedied  by  bringing  the  object 
nearer  to  the  eye  ;  for  the  nearer  an  object  is  brought  to  the  eye  the  more 
divergent  the  rays  ftill  upon  the 
crystalline  humour,  and  conse* 
quently  do  not  so  soon  converge 
to  a  focus  :  this  focus,  therefore, 
either  falls  upon  the  retina,  or  at 
least  approaches  nearer  to  it,  and 
the  object  is  proportionally  dis- 
tinct, as  in  Jig,  85.  The  nearer, 
therefore,  an  object  is  brought  to 
the  crystalline  or  to  a  lens,  the 
further  the  image  recedes  behind  it.  But  short-sighted  persons  have 
another  resource  for  objects  which  they  cannot  approach  to  their  eyes: 
this  is  to  place  a  concave  lens,  C  D  (Jig.  86),  before  the  eye,  in  oider  to 
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fncrease  the  divergence  of  the  rays,  the  effect  of  a  concave  lens  being 
exactly  the  reverse  of  a  convex  one.  By  the  assistance  of  such  glasses, 
therefore,  the  rays  from  a  distant  object  fall  on  the  pupil  as  divei^nt  as 
those  from  a  less  distant  object ;  and,  with  short-sighted  people,  they 
tlirow  the  image  of  a  distant  object  back  as  far  as  the  retina.  Those  who 
suffer  from  the  crystalline  humour  being  too  flat,  apply  an  opposite 
remedy :  that  is  to  say,  a  convex  lens  L  M  (Jig.  87),  to  make  up  for  the 
deiicienar  of  convexity  of  the  crystalline  humour,  O  P.  Thus  elderly 
people^  the  humours  of  whose  eyes  are  decayed  by  age,  are  under  the 

PVg.  «7. 


necessity  of  using  convex  spectacles ;  and  when  deprived  of  that  resource, 
they  hold  the  object  at  a  distance  horn  their  eyes,  for  the  more  distant  the 
object  is  from  the  crystalline,  the  nearer  the  image  will  be  to  it.  These 
two  opposite  defects  are  easily  comprehended ;  but  it  is  difficult  to  con- 
ceive how  any  sight  can  be  perfect,  for  if  the  crystalline  humour  be  of  a 
proper  degree  of  convexity  to  bring  the  image  of  distant  objects  to  a 
focus  on  the  retina,  it  will  not  represent  near  objects  dbtinctly ;  and  if,  on 
the  contrary,  it  be  adapted  to  give  a  clear  image  of  near  objects.  It  will 
produce  a  very  imperfect  one  of  distant  objects.  It  is  true,  that  every 
person  would  be  subject  to  one  of  these  two  defects,  were  it  not  in  our 
power  to  increase  or  diminish,  in  some  degree,  the  convexity  of  the  crys- 
talline humour,  and  to  project  it  towards,  or  draw  it  back  from  the  object, 
as  circumstances  require.  In  a  young,  well-constructed  eye,  the  fibres  to 
which  the  crystalline  humour  is  attached  have  so  perfect  a  comm&nd  over 
It,  that  the  focus  of  the  rays  constantly  falls  on  the  retina,  and  an  image 
iH  formed  equally  distinct  both  of  distant  objects  and  of  those  which  are 
near.  We  cannot,  however,  see  an  object  distinctly,  if  we  bring  it 
very  near  to  the  eye,  because  the  rays  fall  on  the  crystalline  humour  too 
divergent  to  be  refracted  to  a  focus  on  the  retina.  The  confusion,  there- 
fore, arising  from  viewing  an  object  too  near  the  eye,  is  similar  to  that 
which  pro^eds  from  a  flattened  crystalline  humour  ;  the  rays  reach  the 
retina  before  they  are  collected  to  a  focus  (fy.  88).  If  it  w«t«  lOiQi  ifsc 
this  imperfection,  we  sliould  be  able  to  see  and  dttUI^raVdtak  ^e  xnai^i^  dt 


xcyQI 


INTRODUCTION  TO  OPTICS. 
Fig.  38.  Fig.  3lf , 


objects  which  are  now  invisible  to  us  from  their  minuteness  ;  for  could 
we  bring  them  close  to  the  eye,  their  image  on  the  retina  would  be  so 
much  magnified  as  to  render  them  visible.  The  microscope  is  con- 
structed on  this  principle.  Tht  single  microscope  {Jig,  99)  consists 
simply  of  a  convex  lens,  in  the  focus  of  which  the  object  is  placed,  and 
through  which  it  is  viewed.  By  this  means,  you  are  enabled  to  bring 
your  eye  very  near  the  object,  for  the  lens  A  B«  by  diminishing  the 
divergency  of  the  rays  before  they  enter  the  pupil  C,  makes  them  fiill 
paraUel  on  the  crystalline  humour  D,  by  which  they  are  refracted  to  a 
focus  >n  the  retina,  at  R  R.  The  lens  magnifies  the  object  merely  by 
allowing  us  to  bring  it  nearer  to  the  eye ;  those  lenses,  therefore*  which 
have  the  shortest  focus  will  magnify  the  object  most,  because  they  enable 
us  to  bring  the  object  nearest  to  the  eye.  On  the  other  hand,  a  lens  that 
has  the  shortest  focus  is  most  convex  ;  and  its  protuberance  will  prevent 
the  eye  from  approaching  very  near  to  the  object  This  inconvenience 
IS  remedied  by  making  the  lens  extremely  small :  it  may  then  be  spherical 
without  occupying  much  space,  and  thus  unite  the  advantages  of  a  short 
focus,  and  of  allowing  the  eye  to  approach  the  object. 

A  double  microscope  is  a  more  complicated  instrument  (Jig.  40),  in 
which  you  look  not  directly  at  the  object  AB^  but  at  a  magnified 
image  of  it,  a 6.  In  this  microscope  two  lenses  are  employed:  the  one, 
L  M,  is  placed  so  near  the  object,  that  the  image  which  it  forms  is  farther 
from  the  lens  than  the  object  itself  is ;  the  image  therefore  is  larger  than  the 
object  itself,  and  it  is  further  magnified  by  being  viewed  through  another  lens. 

Fig.  40. 


N  O,  which  acts  on  the  principle  of  the  single  microscope,  and  is  called  the 
eye-glass.  The  solar  microscope  is  the  most  wonderful,  from  its  tfreal 
magnifying  power :  in  this  we  also  view  an  image  formed  by  a  len^  not 
the  object  itself.  A  ray  of  light  is  admitted  into  a  darkened  room  tbimiffh 
a  small  aperture  in  the  window-shuUer,  and  the  object  A  B  {fig.  41)  wbidt 
tsmgnudl  insect,  placed  before  the  lens  C  D,  and  nearly  ml  iu'fccw: 
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the  lens  iUelf  being  placed  at  such  a  distance  from  the  opposite  wall 
that  an  image  may  be  accurately  formed  upon  it ;  the  image  C  F  there- 
fore will  be  represented  on  the  opposite  wall  in  the  same  manner  as 
the  landscape  was  in  the  camera  obscura — with  this  difTerence,  that  it 
will  be  magnified,  instead  of  being  diminished,  because  it  is  farther  from 
the  lens  than  the  object  A  B ;  while  the  representation  of  fhe  landscape 
was  diminished,  because  it  was  nearer  the  lens  than  the  landscape  was :  a 
lens,  therefore,  answers  the  purpose  equally  well,  either  for  magnifying'  or 
diminishing  objects.  In  this  state,  the  image  producec!  by  the  solar 
micnt^cope  is  faint  and  indistinct,  a  very  small  ray  of  light  being  diffused 
over  a  prodigiously  magnified  image ;  but  if  the  aperture  be  enlarged,  so 
as  to  admit  a  more  considerable  pencil  of  rays,  a'ld  a  lens  X  Y  (Js^.  42) 

Fig.  42. 


placed  in  it  to  bring  it  to  a  focus  on  the  object  A  B,  the  image  will  be 
much  more  distinct  There  is  but  one  thing  more  required  to  complete 
the  solar  microscope,  which  is  a  small  mirror,  P  Q  (placed  on  the  outside 
of  the  window-shuttei),  which  receives  the  incident  rays,  S  S,  and  reflects 
them  on  the  lens  X  Y.  This  microscope  can  be  used  only  when  the  sun 
shines,  and  is  adapted  to  transparent  objects.  Very  minute  objects,  such 
as  are  viewed  in  a  microscope,  are  generally  transparent;  but  when 
opaque  bodies  are  to  be  exhibited,  a  second  mirror  M  N  (Jig.  43)  is  used 
to  reflect  the  light  on  the  side  of  the  object  next  the  wall :  the  image  is 
then  formed  by  light  reflected  from  the  object,  instead  of  being  formed  by 
rays  transmitied  by  it.  A  magie  lantern  is  conilnicled  on  V^i^  iMfw^ 
principle— with  this  dUkrence,  that  the  light  is  supplied  by  %\%xn^\Al^.^«S^ 
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oTUm  aun.  Tbe  tnieroMupe  tbiu  cuablea  us  to  Me  and  distingnish  objecU 
which  ve  too  biubII  to  be  viaible  to  tbe  aalccd  eye.  But  there  sre  objecti 
which,  thou((h  not  really  Bmall,  appear  so  to  us,  from  their  distance.  To 
these  we  cannot  apply  (he  sama  remedy,  for  when  a  house  is  so  far  off  as 
to  be  seen  under  the  same  angle  aa  a  mite  which  is  close  to  us,  the  efiect 
produced  on  the  retina  is  tbe  same :  the  angle  it  subtends  is  not  larp 
enough  for  it  to  form  a  distinct  image  on  the  retina.  It  is  Emposnble  in 
this  case  to  bring  the  object  to  the  eyes,  but  by  means  of  a  lens  we 
may  bring  an  image  of  it  nearer  to  us  ;  but  then,  the  object  being  very 
distant  from  tbe  focus  of  tbe  lens,  tiie  image  would  be  exceedingly 
smaller  than  the  o^ect  itself,  and  In  most  cases  it  would  even  be  so  small 
as  to  be  invisible  to  ilie  naked  eye.  To  obviate  this  difficulty,  we  mtut  look 
at  the  image  through  another  lens,  which,  acting  as  a  microscope,  enables 
us  to  bring  the  image  dose  to  the  eye,  and  thus  renders  it  visible.  This 
instrument  is  a  telescope. '  In^.  44,  the  lens  C  D  forms  an  image,  E  P, 
Fig.  44. 


of  the  object  A  B ;  and  the  lens  X  Y  serves  the  purpose  of  magnifying  that 
image  :  and  this  is  all  that  is  required  in  s  common  refiaciirig  telescope. 
Observe  that  the  image  is  not  inverted  on  the  retina,  as  it  usually  is :  tbe 
ohjecl  therefore  appears  to  us  inverted.  When  it  is  necessary  to  represent 
the  image  erect,  two  otlier  lenses  are  required  ;  by  which  means  a 
second  image  is  formed,  the  reverse  of  the  first,  and  consequently  uprighL 
These  additional  glasses  are  used  to  view  terrestrial  objects,  for  no  incon- 
venience arises  from  seeing  the  celestial  bodies  inverted. 

When  a  very  great  megnifjing  pnwer  is  required,  (elescopei  are  con- 
structed with  concave  mirrors  instead  oF  lenses.  Concave  mirrors  pro- 
duce by  reflection  an  elfect  similar  to  Uml  of  convex  leusea  by  refraction. 
In  reflecting  telescopes,  therefore,  mirrors  are  used  in  order  to  bring  tbe 
image  nearer  the  eye;  and  a  lens  or  eye-glass,  as  in  tbe  redacting  tele- 
scope, to  magnify  the  image.     Tbe  advantage  of  the  reflecting  telescope 

it,  ibat  mirrors  whose  focus  is  six  feet  will  magnify  aa  much  as  lenses  of 

»  hundred  feet. 
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Chaptbr  L 

Of  the  State  of  Optical  Sdenee  tH^f&n 
the  time  of  Newton, 

(1.)  Thb  splendid  phenomena  of  optics 
must  have  been  among  the  first  natural 
appearances  to  attract  the  attention  of 
mankind.  Of  all  the  objects  in  nature, 
li^t  is  perhaps  the  most  pleasurable. 
Vision,  at  once  the  most  perfect  and 
useful  of  the  senses,  wholly  depends  on 
it.  By  its  agency  the  sphere  of  our  ob- 
servation and  experience  is  indefinitely 
enlarged.  It  brings  us  sure  and  im- 
mediate intelligence  of  existences  and 
events,  whose  places  are  remote,  and 
thus  gives  us  a  certain  degree  of  omni- 
presence. Setting  aside  all  the  beau- 
tiful variety  of  form  and  figure,  and  the 
gorgeous  phenomena  of  colours,  which 
it  is  the  means  of  disclosing,  li^ht  it- 
self  is  a  delightful  perception.  Nature 
supplies  it  so  contmually  and  so  abun- 
dantly, that  we  are  apt  to  forget  its 
value;  but,  in  cases  where  habit  has 
not  blunted  the  sense  of  pleasure,  it 
seems  to  produce  singular  enjoyment. 
The  infant  eagerly  directs  its  gaze  to  the 
vrindow  or  the  lamp,  and  stretches  forth 
its  hand  as  if  to  grasp  an  object  so 
agreeable.  Persons  blind  from  infancy, 
but  whose  organs  are  not  absolutely 
opaque,  derive  exquisite  pleasure  from 
the  perception  of  the  cloudy  light  which 
the  imperfectly  transparent  humors  al- 
low them. 

The  property  of  li^ht  soonest  noticed 
was  most  probably  its  rectilinear  pro- 
pagation^ by  far  the  most  important  of 
its  qualities,  and  one  with  whidi  all  the 
others  are  intimately  connected.  It  was 
impossible  to  observe  the  effects  of 
opaque  bodies  on  liffht,  the  confimes  of 
their  shadows  and  meir  effects  on  the 
sense  of  sip;ht,  without  at  once  discover- 
ing this  important  law.  An  opaque 
body  B  (Jg.  1.),  placed  in  a  right  line 
A  C  joiniojg  Mnower  opaque  body  A  and 


aluminous  point  C,  deprived  that  other 
opaque  body  A  of  ^the  light  it  received 

Fig.  1 
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from  the  point  C;  but  if  the  same 
opaque  body  B  was  placed  in  any 
curved  or  crooked  line  ABC,  joining  thie 
luminous  point  C  and  illuminated  body 
A,  no  such  obscuration  was  produced. 
Again,  if  a  straight  line  be  drawn  from 
the  eye  to  a  luminous  point,  and  also 
any  curved  or  crooked  Ime  drawn  from 
the  eye  to  the  same  point,  an  opaque 
body  placed  any  where  in  the  straight 
line  will  deprive  the  eye  of  the  percep- 
tion of  light ;  but  if  the  same  opaque 
body  be  placed  any  where  in  the  curved 
or  crooked  line,  the  perception  of  light 
continues.  Facts  like  these  must  have 
occurred  so  constantly  at  all  times,  and  in 
aU  places,  the  inference  from  them  is  so 
eviaent  and  immediate,  that  it  is  impos- 
sible to  suppose  that  the  rectilinear  pro- 
pagation of  light  was  Bot  known  even 
m  the  most  rude  and  savage  state. 

(2.)  Some  of  the  phenomena  of  re» 
flection  must  adso  have  attracted  atten- 
tion, and  excited  inquiry  at  a  very  early 
period.  The  inverteid  picture  of  a  land* 
scape  in  the  placid  water  of  the  lake  or 
river  must  have  been  viewed  with  as- 
tonishment Polished  surfaces,  natural 
and  utificial,  presented  themselves  in 
suffioent  abundance  to  furnish  nume- 
rous experiments  on  reflection,  and  thus 
firom  tne  rectilinear  propagation  of  light 
^e  step  to  the  law  ofrdkction  was  not 
very  difficult  The  eouahty  of  the  angles 
of  mcidence  and  TeflecV\OTi  "ivm  \.%>x<^ 
in  the  Platomc  icY\oo\,  axA  vtoXw^^^^^ 
known  conavdjenhlY  ijnot  Vo  ^\.^»Xfc. 


2  A  POPULAR  ACCOUNT 

Anstotle  devoted  considerable  atten-  view.    This  fact  led  him  directly  to  the 

tion  to  the  phenomena  of  rainbows,  par-  true  nature  of  refraction,  and  shewed 

helia,  halos,  &c.    He  observed  these  that  the  visual  ray  in  passing  out  of  the 

with  accuracy,  and  ascribed  the  rain-  water  at  the  surfkce,  was  bent  towards 

bow  to  the  imperfect  reflection  of  the  the  ^  of  the  spectator,  so  as  to  make 
sun*s  rays  by  drops  of  rain.    Some  of    the  object  on  the  bottom  of  the  vessel 

the  properties  of  concave  and  convex  appear  higher  in  the  water  than  its 

spherical  mirrors  appear  to  have  been  reu  position.    He  invented  an  instru- 

taught  in  the  Aleiandrine  school,  and  mcnt  to  nMMM  the  defleetion  of  the 

are  explained  in  a  treatise  on  optics  rajr  m  pissihg  from  the  #ater  into  air. 

contained  in  the  works  of  Euclid.  Tms  instrument  consisted  of  a  circle, 

(3.)  The  phenomena  of  refraction  not  canying  two  tighig  on  its  graduated 

being  of  so  striking  a  kind,  or  of  such  rim,  ami  a  thi^  sight  at  the  centre, 

frequent  occurrence  as  those  of  reflec-  The  circle  was  immersed  in  the  water, 

tion,  do  not  seem  to  have  been  noticed  with  its  plane  perpendieular  to  the  sur* 

vntil  a  later  period.    The  power  of  re-  &ce,  and  so  that  the  surface  of  the 

fractors  to  collect  thesun*s  rays  to  a  water  comcided  with  one  <rf  its  dUunetett; 

focus,  so  as  to  bum  any  substance  ex-  and  that  one  (^  the  sishts  on  the  rim  was 

posed  to  their  influence,  was,  however,  above  and  the  other  odow  the  anrftoe. 

long  known.     Burning  refractors  are  The  eye  being  pUu)ed  at  the  si|^  abo?e 

veiydistinctlydescribedin Aristophanes  the  surface,  the  ris^t  below  t£e  smfaee 

comedy  of  The  Clouds,  and  Aristotle  was  moved  upon  the  rmi,  until  the  three 

observed  the  broken  appearance  of  a  sights  appeared   to  lie   in   the   tame 

stick  held  obliquely  in  water,  and  at-  sbraig^t  fine.  The  distances  of  the  aighti 

tempted  to  account  for  it.    In  the  first  on  ths  rim,  frtmi  the  his^Mit  and  lowest 

century  of  the  Christian  era  several  pomts  of  the  cirde,  mn  shewed  the 

optical  phenomena  were  investigated  by  ansdes  of  refraction  and  inddeneau 

Seneca,  and  among  others  he  ol)served  With  this  instrument  Ptoleaif  ob- 

that  writing  viewed  through  a  ^^iass  served  and  calculated  the  refraetioni 

bottle  filled  with  water  was  magnified  oomsponding  to  every  ten  digreee  of 

This  was,  probably,  the  first  discovery  incidence  in  me  quadrant,  the  rtfractioB 

of  the  magnifying  power  of  a  refracting  being  made  between  air  and  water.    He 

medium,  boundai  by  convex  surfaces,  also  measured  iuod  oalctdated  the  le- 

Seneca  also  noticed  the  colours  pro-  fractions  between  air  and  gia»$  and 

duced  by  a  prism  or  angular  piece  of  water  and  flats,  by  cutting  the  g^ass 

glass,  and  observed  that  they  were  si-  into  a  semi-cylinder  of  the  same  dia- 

milar  to  those  of  the  rainl)ow.  meter  as  the  gr^uated  eirde,  and  ttH 

(4.)  The  most  distinguished  among  pljring  the  semicircle  to  the  end  of  the 

the  ancients  for  discovery  in  opticu  semi-cylinder. 

science   was    Claudiiu  Ptolemff,   the  The  results   of  these  experiments 

celebrated  astronomer  of  Alexandria,  showed  that  the  defleetioa  m  the  ray 

who  flourished  in  the  second  century  of  between  glass  and  water  waa  less  than 

the  Christian  era.   This  philosopher  was  in  either  of  the  cases  between  water  or 

the  first  who  observed,  with  any  degree  glass  and  air.    From  this  he  waa  led  to 

of  scientific  precision,  the  phenomena  condude  that  the  difflerence  of  the  den- 

of  refraction.    He  appears  to  have  9y9-  sities  of  the  media  was  the  cause  of  le- 

tematized,  improved,  and  imparted  a  fractbn,  since  water  and  glaaa  difltod 

greater  degree  of  accuracy  to  all  that  less  in  denritythan  air  and  glaaa,  or  air 

was  previously  known  concerning  the  and  water.    This  fortunate  ol>servatMA 

reflection  of  light  at  plane  and  curved  suggested  the  probability  that  light  firom 

surfaces,  but  he  must  justly  be  eon-  cdestial  objects,  in  passing  into  our  at- 

sidered  as  the  first  and  exclusive  dis-  mosphere  from  the  surrounding  me- 

coverer  of  the  principal  phenomena  of  dium,  whatever  it  be,  might  anffer  a 

refraction  or  dioptrics.  defiection,  the  consequence  of  which 

Ptolemy  observed  that  if  a  visible  would  be  that  our  view  of  the  whols 

ol^ect,  a  piece  of  money  for  example,  be  ftce  of  the  heavois  must  be  distorted ; 

laid  on  the  bottom  of  a  vessel,  and  the  objects  appearing  variously    removed 

eye  so  placed  that  the  edge  of  the  vessd  from  their  true  places,  according  to  their 

just  intercepts  the  view  of  the  object,  various  positions  with  respeo**  to  the 

upon  filling  the  vessel  with  water,  the  highest  i>oint  or  the  Mtmih,    The  only 

object  will  seem  to  be  gradually  raised,  point  which  would  not  be  removed  from 

until  at  length  it  cornea  distinctly  into  ita  true  \^!Mit  unto  ira&VvdKcuaistance^ 
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would  be  the  zenith  itself ;'  for  the  ray 
passing  from  that  point  to  the  eye,  must 
enter  the  atmosphere  perpendicularly ; 
and  he  observed  that  in  his  ex^riments, 
whenever  the  ray  met  the  surface  of  the 
water  or  glass  perpendicularly,  there  was 
no  deflection. 

Thus  he  perceived  that  the  zenith  was 
a  fixed  point,  with  reference  to  which 
he  should  be  enabled  to  ascertain  this 
interesting  fact.  The  test  to  which  he 
submitted  this  is  a  remarkable  instance 
of  philosophical  acuteness.  In  his  ex- 
periments he  had  observed  that  the 
more  obliquely  the  ray  met  the  refract- 
ing surface,  the  greater  was  the  deflec- 
tion of  the  refracted  from  the  incident 
ray.  Hence  he  supposed  that  those  ob- 
jects which  were  more  remote  from  the 
zenith,  and  the  light  of  which  met  the 
atmosphere  more  obliquely,  were  more 
removed  from  their  proper  places.  In 
other  words,  that  the  distortion  of  the 
firmament  by  the  refraction  of  the  at- 
mosphere was  greater  near  the  horizon 
than  near  the  zenith.  Accordingly,  he 
ol>served  the  positions  of  the  same  star 
in  different  parts  of  its  diurnal  path  in 
the  heavens,  and  found  that  it  appeared 
not  to  move  in  a  letser  circle  parallel  to 
the  celestial  equator,  but  that  it  con- 
tinually deviated  in  a  slight  degree  from 
such  a  circle ;  that  this  deviation  was 
ffreater,  the  more  distant  the  star  was 
from  the  zenith  or  highest  point,  and 
that  the  deviation  always  brought  the 
star  nearer  to  the  zenith. 

Such  were  thephenomenahe  observed, 
and  they  were  precisely  what  his  experi- 
ments suggested.  The  last  mentioned 
circumstance,  of  the  deviation  being 
always  towards  the  zenith,  showed  that 
the  refracted  ray  was  bent  towards  tlie 
perpendicular,  which  proved  that  the 
density  of  the  atmosphere  must  be  greater 
than  that  of  the  fluid,  if  such  there  be, 
which  pervades  the  region  l>eyond  it. 

(5.)  A  lon^  interval  elapsed  after  the 
age  of  Ptolemy,  before  the  science  of 
optics  made  any  advance.  About  the 
beginning  of  the  twelfth  century,  some 
steps  were  made  towards  improvement 
in  the  theory  of  vision.  In  the  thirteenth 
century  Roger  Bacon  devoted  consider- 
able attention  to  the  study  of  optics; 
and  although  he  cannot  l)e  said  to  have 
extended  the  bounds  of  the  science  l)y 
positive  discoveries,  yet  he  has  so  plainly 
described  the  effects  on  vision  produced 
by  lenses  and  thenr  combinations,  that 
we  cannot,  with  any  regard  to  jusUce^ 
deny  him  a  shure  in  the  honour  of  the 


invention  of  spectacles,  telescopes,  and 
microscopes'  In  describing  the  effects 
of  convex  lenses  of  glass,  he  states 
that  "they  are  useful  to  old  men,  and  to 
those  that  have  weak  eyes,  for  they  may 
see  the  smallest  letters  sufficiently  mag- 
nified.*' Respecting  the  effects  of  com- 
binations of  lenses,  he  says — "  We  shall 
see  the  object  near  at  hand,  or  at  a  dis- 
tance, and  under  any  angle  we  please. 
And  thus  from  an  incredible  distance  we 
may  read  the  smallest  letters,  and  may 
number  the  smallest  particles  of  dust 
and  sand,  by  reason  of  the  greatness  of 
the  angle  under  which  we  sec  them ;  and 
on  the  contrary,  we  may  not  be  able  to 
see  the  greatest  bodies  just  by  us,  by 
reason  of  the  smallness  of  the  angles 
under  which  they  appear;  thus  a  boy 
may  be  as  big  as  a  giant,  and  a  man  as 
big  as  a  mountain,  forasmuch  as  we 
may  see  the  man  under  as  great  an  angle 
as  the  mountain,  and  as  near  as  we 
please,  llius,  also,  the  sun,  moon,  and 
stars,  may  be  made  to  descend  hither  in 
appearance,  and  to  appear  over  the  heads 
of  our  enemies,  and  many  things  of 
a  like  sort,  which  would  astonish  un- 
skilful persons."  • 

It  will  be  perceived  that  Bacon  not  only 
describes  the  effects  of  telescopes,  but 
also  distinctly  alludes  to  their  causes.  It 
is  very  difficult  to  conceive  that  he  could 
have  written  thus,  without  having  actu- 
ally constructed  the  instruments,  and 
witnessed  the  effects  which  he  describes. 

(6.)  In  the  sixteenth  century,  Mau- 
rolycus  explained,  with  great  exactness, 
the  structure  and  functions  of  the  eye, 
more  especially  of  the  crjstalline  humor. 
He  showed  that  those  defects  which  are 
called  long-sightedness,  and  short- 
sightedness, proceeded  from  too  small  or 
too  great  a  refracting  power  in  the  eye, 
and  showed  how  and  why  these  defects 
were  removed  by  the  use  of  convex  and 
concave  lenses.  Maurolycus  failed  to 
discover  the  formation  of  the  picture  on  the 
retina,  and  the  functions  of  that  coat,  from 
the  difficulty  of  reconciling  an  inverted 
image  with  our  perception  of  erect  objects. 

About  this  time  Baptista  Porta,  a 
Neapolitan  philosopher,  invented  the 
camera  obscura.  He  observed  that  if  a 
small  hole  be  made  in  the  window-shutter 
of  a  darkened  chamber,  the  images  of 
external  objects  will  appear  depicted  in 
their  proper  colours  on  tne  opi>osite  wall. 
He  then  tried  the  effect  of  a  cotvN<i^\^Tv% 
fixed  in  the  apetlure,  and  ioMwi  V\v>aX  S^aa 
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tended  with  cireumsttaees  wiueh  girt  it  fitted  yitioii.    The  eoeeeM  of  tliis  tat 

small  probability,  we  shell  notioe  the  attempt  stimulated  him  to  farther  exer- 

better  substantiated  claim  of  Zacharias  tion,  and  he  aonstruoted  a  second  td*> 

Jansen,  urged  by  Borslli,  and  attested  scope  which  magnified  about  eight  times, 

by  legal  witnesses,  who  were  regularly  Finally*  sparing  neither  labour  nor  •&• 

sworn  by  the  eonsular  magistrates  of  pense  on  a  subject  which  eeemad  to  pro- 

Middleburg  in  the  year  1615.    ZaatiMr  mise  results  so  important,  he  produced 

lias  Jansen  appean  to  have  been  a  a  telescope  whu:hmagnifted<AtH|f<MMt» 

spectacle-maker   at  Middleburg,   and  and  with  this  he  disoov^red  the  ectflilites 

the  witnesses  were  lus  children,  a  son  of  Ju^ter,  the  sdar  qpots,  end  otticr 

and  daughter.    The  son  assigns  the  in-  phenomena^ 

yention  to  the  year  1 590,  and  the  dangb-  This  enoount  of  6eUleo*s  proeeeduip 
ter  to  the  year  1610.  Both,  however,  if  given  upon  his  own  authority.  It  doee 
agree  in  the  fact  of  the  faivention ;  and  not  seem,  however,  likely  thiU  Gelikn 
the  difference  in  the  dates  assigned  to  it,  couki  have  remained  in  total  ignonmoe 
instead  of  invalidating  their  testimoi^,  of  the  means  whidi  produced  the  won- 
ought  to  be  considered  favourable  to  its  derfiil  effects  which  had  excited  andi 
truth,  since  it  shows  that  no  oonspiraqr  general  attention.  Besides,  he  wckoam* 
existed  between  them.  Other  witneeses  ledges  that  he  did  not  trust  to  mm%  pi^ 
give  the  honour  of  the  invention  to  Jean  lie  report,  but  rsoeiFed  a  letter  eaqm^ 
Lapprey,  a  spectacle-maker  in  the  same  on  tne  subject  from  **  the  noble  JenMC 
place.  Badovere  at  Paris.'*  Of  this  Mnr,  wfateh 
All  these  cireumstanees,  coneidend  was  written  to  inform  GalOno  on  the 
with  reference  to  the  ttmenl  state  of  snlject,  he  does  not  give  the  paiticolara. 
optical  knowledge  at  me  time,  render  Is  it  likely  that  in  such  a  tOBunmneer 
it  probable  that  tdesoopes  were  eon-  tion,  made  to  sudi  a  man,  no  f^ki^^w 
structed  by  several  persons  neatly  at  wouJd  be  made  to  the  means  of  pndno*- 
the  same  period,  each  being  ignorant  ing  the  eflbcts  described,  nortibrtlenMi 
of  what  had  been  done  by  uie  othera.  were  not  distinctly  mentioned?  Add  to 
Effects  so  singular  and  so  brilliant  ae  tins,  that  the  gmieral  problraa  of  naflni* 
those  produced  by  the  telescope  could  tying  distant  oUeets  by  the  modifloaSon 
not  be  long  confined  to  one  country.  It  of  the  rays  of  lif^t  bjr  refraction  or  re- 
will  easily  be  believed,  that  such  an  in-  flection,  or  botl^  which  we  must  anp- 
strument  could  not  continue  a  mere  toy  pose  to  be  that  which  Ghslileo  ftsaerta 
of  amusement,  or  matter  of  curious  ob-  mat  he  solved,  is  veiy  indeterminals^ 
servation  to  philosophers.  Among  those  and  such  as  would  be  extremely  unlikely 
who  applied  it  to  the  great  ends  <^  to  be  deduced  from  the  general  theory  of 
science,  the  name  of  Galileo  stands  f(Mre-  optics  as  then  known.  Still  lees  prooa- 
most.  If  we  could  credit  his  own  ao-  ble  is  it  thai  of  tiJie  infinite  variety  of  so- 
count,  it  wouM  not  be  more  than  justice  lutions,  whidi  so  ii^eterminato  a  pro- 
even  to  assign  to  this  philosopher  a  blem  admits,  he  would  have  cdianoed  to 
share  in  the  honour  of  the  invention,  be  led  to  that  particular  one  whidi  had 
although  we  cannot  concede  to  him  a  been  practised  in  the  north  of  Europei 
priority.  He  states  that  he  was  at  Venice  (9.)  The  honour  of  the  invention  of  the 
when  a  report  of  the  wonderful  effects  of  astronomical  telescope  belongs  indispn- 
this  discovery  was  spread  abroad.  Doubt-  tablv  and  exclusively  to  Kepler.  In  n^ 
ful  at  first  to  what  degree  of  faith  state-  work  on  Dioptrics,  he  distinctly  suggests 
ments  apparently  so  incredible  were  en-  the  substitution  of  a  convex  ^e-glass 
titled,  he  awaited  a  confirmation  of  the  for  the  concave  one  previously  used.  He 
intelli^nce,  which  he  received  in  letters  shows  that  in  this  ease  the  image  will 
from  Paris.  Being  credibly  assured  of  necessarily  be  inverted ;  but  the  advan« 
the  reality  of  the  powers  ascribed  to  the  tage  of  an  enlaiged  field  of  view,  in 
new  instrument,  but  uninformed  of  the  which  this  instrument  excels  the  Oalilean 
particulars  of  its  construction,  he  ap-  telescope,  seems  to  have  eacapod  his  no- 
plied  himself  to  the  investigation  of  those  tice.  To  this  we  may,  parhape,  impute 
particulars,  by  the  aid  of  the  esteblished  the  circumstance  of  Kepler*8  never  hav- 
theoty  of  refraction,  and  completely  sue-  ing  actually  constructed  teleeeopes  imon 
ceeded  in  discovering  thena.  He  forth-  the  principle  which  he  suggested,  con- 
with  applied  a  convex  object-glass,  and  sidenng,  probably,  that  as  they  prcaented 
concave  eye-glass,  to  the  extremities  of  inverted  unages,  thefr  use  for  temelrial 
a  tube,  and  direc^ting  it  to  distant  ob-  obieote  would  be  awkwaid  and  incoBv»- 
Jects,  found  that  it  rendered  them  three  n\eid,  and  ^eX.  ^«|  ynwmwl  ia  ed- 
^sazes  ae  iai^pe  as  they  appeared  to  unaa-   vaate^  Vn  aaXxoxiotusMil  ^^teMK^tem 
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over  those  used  by  Galileo  and  others. 
Kepler  was,  however,  aware  of  the  me- 
thod of  correctins:  the  position  of  the 
imajje,  by  tlie  use  of  additional  eye- 
glasses ;  but  probably  considered  that 
Hie  complexity  of  the  instrument,  and 
the  loss  of  li^ht,  would  render  it  inferior 
to  the  Galilean  telescope. 

The  optical  discovenes  of  Kepler  were 
not  confined  to  the  telescope.  He  made 
experiments  on  refraction  by  lenses,  and 
succeeded  in  establishing  some  of  the 
properties  of  their  focL  He  also  ex- 
plained the  formation  of  the  inverted 
ima;;e  on  the  retina.  He  attributed  erect 
vision  from  an  inverted  image  to  an 
operation  of  the  mind,  by  which  it  refers 
tlie  lower  part  of  the  image  to  the  upper 
side  of  the  eye,  but  considered  it  beyond 
our  power  to  determine  the  manner  in 
which  the  mind  perceives  flie  images  of 
objects  upon  the  retina.  He  investigated 
the  power  of  Qie  eye  to  accommodate 
itself  to  different  distances,  and  attri- 
buted it  to  the  contracting  power  of  the 
ciliary  processes. 

(10.)  At  the  period  to  which  we  now 
refiT.  the  beginning  of  the  seventeenth 
century,  the  most  'im|)ortant  discovery 
in  the  theory  of  refraction  since  the  time 
of  Ptolemy,  was  made  by  Willebrord 
Snellius,  professor  of  mathematics  at 
lA-yden.  This  philosopher,  by  a  careful 
comparbon  of  numerous  refractions  at 
different  incidences,  found  that  if  a 
sphere  were  described  round  the  point  of 
incidence,  and  a  cylinder  circumscribed 
this  sphere,  having  its  axis  perpendicular 
to  the  refracting  surface,  tlie  i)arts  of  the 
incident  and  refracted  rays,  between  the 
centre  of  the  sphere  and  the  cyUnder, 
were  in  a  constant  ratio,  so  long  as  the 
refract inj;  medium  remained  the  same. 

To  explain  this  important  law  more 
fully,  let  1,  fig^  2,  be  the  point  of  inci- 

Fig'  2. 


dence,  and  S 1 8  the  refracting  surface, 
3  B  S  being  a  vertical  section  of  the  in- 
fracting medium,  or  ratler  a  section 
supposed^to  pass  through  the  incident 


ray,  and  perpendicular  to  the  surface. 
With  I  as  centre,  and  any  distance  I  S, 
describe  a  circle  in  the  plane  of  the  sec- 
tion, and  draw  tangents  at  8  S,  perpendi- 
cular to  the  refracting  surface.  Let  the 
incident  rays  meet  the  upper  tangent  at 
P',  F',  P"',  &c ;  and  let  the  correspond- 
ing refracted  ray  meet  the  lower  tangent 

at  t/,  j/',  p"',  &c.  It  was  found  by  Snel- 

P'T  P"I  W'J 
Uus,  that  the  ratios  ^._Li,£J-.  &c. 

p'l  pi  pi 
were  equal  so  long  as  the  media  S  A  S 
and  S  B  S  remained  the  same.  Taking 
the  radius  I A  or  I H  as  the  unit,  the 
lines  P*!,  P"I,  P'"I,&c.  are  the  cosecanU 
of  the  angles  of  incidence ;  and  the  lineg 
p'l,p"hp"l.  Sec.  are  the  cosecants  of 
the  angles  of  refraction.  These  quanti- 
ties are,  therefore,  in  a  fixed  proportion. 
The  cosecants  of  angles  being  the  reci- 
procals of  their  sines,  it  follows  that 
when  the  media  on  each  side  of  the  re- 
fracting surface  arc  given,  the  sine  of  the 
angle  of  incidence  bears  to  the  sine  of  the 
angle  of  refraction  an  invariable  ratio. 

(11..)  The  discovery  of  the  law  of  refrac- 
tion has  been  sometimes  erroneously  as- 
cribed to  Descartes.  With  a  degree  of 
disingenuousness  and  want  of  candour, 
or  rather  of  common  justice,  which  not 
unfrequently  characterised  the  conduct  of 
that  great  philosopher,  he  has  announced 
in  his  Dioptrics,  published  eleven  years 
after  the  death  of  Snellius,  the  law  of 
refraction  •  as  the  result  of  his  own  in- 
quiries, without  taking  the  slightest  no- 
tice of  the  previous  discovery  of  Snel- 
lius, although  there  is  no  doubt  that  he 
was  acquainted  with  it ;  and  there  is  even 
strong  reason  to  believe  that  Descartes 
had  the  manuscripts  of  Snellius  in  his 
hands,  and  availed  himself  of  the  full 
and  unrestricted  use  of  them. 

About  the  time  of  the  death  of  Snel- 
lius, which  happened  in  1626,  at  tho 
early  age  of  thirty,  Descartes  applied 
himself  to  optical  investigations ;  and,  in 
16-37,  publisned  his  Treatise  on  Dioptrics. 
Guided  by  the  law  of  refraction,  with  fhe 
recent  discovery  of  which  he  was  made 
acquainted,  he  made  some  important  ad- 
ditions to,  and  improvements  in,  the 
science.  The  fact  that  spherical  lenses 
were  incapable  of  collecting  rays  of  hght 
into  an  exact  fixius,  had  been  known  by 
experience ;  and  the  cause  of  this  sphe- 
rical aberration,  as  well  as  its  quantity 
and  laws,  were  easily  deduced  from  the 
Snellian  law.  To  comi)rehend  the  nature 
of  this  defect  of  svV\fene\^  \eas«a,\^^.^5sv^ 
light  incident  uoou  \)aem\je  <iOTvv:«vN«A.V» 
be  divided  into  a  u\]m);>«c  oI^otv^xiXxm:^ 
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ringi ;  the  exterior  rine,  or  that  vhkh 
ii  mcwt  dutant  from  tjw  centra  of  the 
lens,  win  be  collected  bj  refraction  into 
a  focus,  at  a  point  on  the  ixia  of  the  leu 
at  a  certain  diitanoe  from  Um  aurface. 
The  next  rinc  of  li^t  witiiin  the  bat 
will  be  alio  coHected  into  apoint,  but  at 
a  greato-  distance  from  the  lutfkee ;  and 
>«  on,  each  ring  of  light  ii  colleeted  into 
a  focni,  the  distance  of  which  from  the 
•urface  iacreue*,  as  the  distance  of  the 
line;  from  the  centre  of  the  lens  dimi- 
nishes. To  illustrate  this,  let  LL  be  a 
section  of  the  lens  at  right  ai^^  to  its 
axis;  and  suppose  its  surbce  divided 
into  xingt  as  repre-  Kg.  3. 

sented  in^.  3,  and  i 

let  the  oraer  of  the 
rings  be  reckoned 
from  the  edge  of 
the  lens  tonarda  the 
centre,  calling  the 
external  ring  the 
firit  ring,  the  next 
nithin  that  the  at- 
cond  ring,  and  so 

on.    Let  L  L,/g,4,  be  a  section  of 

the  lens  by  a  plane  (biou^  ita  axis; 

Fig.  A. 


and  suppose  that  the  whole  lent,  ex- 
cept the  tirst  rine;.  be  covered  by  an 
opaque  circular  cover.^and  light  be  inci- 
dent on  its  surface,  this  light  will  be  re- 
fracted to  a  certain  point  /,  in  the  axis ; 
and  this  point  wiU,  therefore,  be  the 
focus  of  the ylrtt  n'rw.  Again,  removing 
the  caver  from  the  Tens,  let  anotlier  be 
substituted,  which  will  leave  the  second 
ring  alone  exposed  to  the  light,  Tht 
rays  will  now  be  collected  in  the  point 
/,.  The  same  process  being  continued, 
and  the  third,  fourth,  and  other  rings 
l)ebg  successively  exposed  to  the  light, 
their  foci  will  be  found  at  the  points  ft, 
fti,  &c.  the  rings  nearest  to  the  centre  of 
the  lens  having  their  foci  most  distant 
from  its  surface.  It  was  easily  deduced 
from  the  law  of  refraction,  that  the  foci 
of  the  rings  near  Ibe  centre  of  the  lens 
were  much  closer  together  than  those 
near  its  surface. 
itince  f/w  inujiet  of  otgect*  ««e 


known  to  be  formed  by  eollectii^  tiw 
rw>  emen;^  from  them  into  the  foeoa 
of  the  low,  it  followed  from  theae  ecnn 
aidwatioas  that  each  of  the  rings,  into 
wtuch  we  have  sunpoaed  the  suifua  of 
the  lens  to  be  divided,  moat  produce  a 
s^ante  image ;  and  thus  an  indefinite 
number  of  imases  of  the  same  otjeet 
would  be  found  at  difibrent  diatanoes 
from  the  lens,  and  anangcd  in  regular 
succession  along  the  ass.  This  effect, 
called  jpAericof  oAemiiton,  caused  a  oon- 
fusion  m  the  appearance  of  the  iman; 
which  confiuian  was  increased  with  tnt 
magnitude  and  curvature  of  the  kns. 

Mong  that  this  defect  was  gaseotial 
to  Qie  Toy  nature  (A  spherical  lenaea. 
Descartes  proposed  to  mveatigide  Iba 
figure  of  a  lens  wluch  should  be  free 
from  ttuB  defect;  and  such  that  eadi 
lin^.  into  which  its  surAca  would  be 
divided,  mi^  collect  the  rays  to  a  focus 
at  the  same  distance  from  the  lens. 
The  high  analytical  acqiuremaita  of  tins 
mathematidan,  united  with  the  know- 
let^  of  Snellius's  law,  rendoed  tbt  •> 
lution  of  this  problem  a  nutter  of  no 
great  difficult-  He  accordinglr  fbiind 
a  class  of  curves,  since  called  ma  €!tf 
Uwm  ovalt,  which  posseawd  th*  tv- 
qoired  propoly.  When  tlie  de&^tieB  of 
the  medium  of  incidence  and  the  me- 
dium of  refraction  are  given,  the  flgon 
of  the  surface,  which  wiU  collect  into  an 
'exact  focus  reys  emerging  fi<om  any 
given  ppinl,  will  always  be  detennuMd 
by  one  of  these  ovals.  When  the  incident 
rays  are  parallel,  the  oval  becomes  a 
conic  section  *. 

Ignorant  of  the  cause  of  the  prhtcq)*] 
defect  of  lenses,  which  was  sutnequently 
discovered  by  Newton,  Descartes  ex- 
pected much  greater  results  from  tins 
discovery  than  it  was  capaUe  of  pro- 
ducing- He  invented  machines,  anden- 
gagedskilful  artists  to  grind  spheroidal 
lenses,  according  to  the  figures  sug- 
gested by  his  theory.  After  the  expen- 
diture of  much  labour  and  ingenuity,  no 
adequate  advantage  was  obtained,  and 
at  this  day,  wlien  practical  suence  baa 
attained  such  an  extraordinary  degree  of 
perfection,  the  spherical  lenses  are  sttQ 
universally  used. 

(12.)  In  unfolding  the  theory  of  the 
rainbow  Descartes  has  been  aingularly 
happy,  and  oertainlv  has  broupit  tba 
explanation  of  this  ptienomenon  as  near 
to  perfection  as  could  be  doat  l^  mm 
who  was  ignorant  of  the  diSkrent  r» 
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frangibility  of  light.    Here,  as  in  the  if  that  were  the  case,  both  images  of  an 

case  of  the  law  of  refraction^  this  geo-  object  seen  through  the  crystal  would 

meter  has  Hxed  an  indelible  stain  upon  maintain  the  same  position  with  respect 

his  fame,  by  a  similar  act  of  unprinci-  to  a  perpendicular  to  the  refracting  sur- 

pled  selfishness  and  injustice  towards  face,  while  the  crystal  was  turned  round 

Antonio  de  Dominis,  to  whom  he  never  that  perpendicular  as  an  axis.    Such, 

even  alludes  in  his  treatise.    Descartes  however,  he  found  not  to  be  the  fact, 

explained  why  the  interior  bow  has  a  By  the  revolution  of  the  crystal,  one  of 

diameter  of  42° ;  this  was  an  easy  in-  the  images  only  was  observed  to  obey 

ference  from  the  theory  of  De  Dominis  the  above-mentioned  law.     Hence  he 

and  the  law  of  Snellius.    But  the  genius  inferred  that  one  of  the  two  refractions 

of  Descartes  was  very  conspicuous  in  was  performed  according  to  the  com- 

his  solution  of  the  problem  of  the  ex-  mon  law,  but  that  the  other  obeyed  an 

terior  bow.    He  shewed  that  the  sun's  extraordinary  law,  not  before  noticed  by 

rays  entering  the  inferior  part  of  the  opticians.    The  results  of  these  experi- 

drop,  emerged  with  a  second  refraction  ments  were  pubHshed  by  Bartolinus,  in 

from  the  superior,  after  undergoing  two  a  work,  entitled  Expertmenia  crystalli 

reflections  within.    The  double  reflec-  Islandici  dis-diaclastici  quibus  mira  et 

tion  accounted  for  the  faintness  of  the  insolita  refractio    detegttur.     Copen- 

exterior  bow,  and  the  inversion  of  its  hagen,  1699. 

colours.  Thus  we  see  that  ignorance  of  The  publication  of  this  work  soon 
the  different  refrangibility  of  light  alone  drew  the  attention  of  the  celebrated  Huy- 
prevented  this  philosopher  from  bringing  gens  to  the  subject  of  double  refraction, 
the  theory  of  the  rambow  to  absolute  Previously  to  this  he  had  published  a 
perfection.  theory  of  refraction  and  reflection ,  found- 
CIS.)  In  the  middle  of  the  seventeenth  ed  on  the  hypothesis,  that  light,  like 
century  a  discovery  was  made  by  Eras-  sound,  was  propagated  by  the  undiUa- 
mus  Bartolinus,  a  Danish  mathemati-  tions  of  a  subtle  and  elastic  medium, 
cian,  which  formed  the  first  of  the  most  which  he  supposed  to  pervade  all 
brilliant  train  of  experiments,  and  may  space  permeable  to  light.  Others  held 
be  considered  the  basis  of  the  mo^  that  light  was  corporeal,  and  com- 
splendid  speculations  which  ever  adorn-  posed  of  infinitely  small  and  subtle 
ed  the  annals  of  science ;  speculations  corpuscles,  which  were  emitted  from 
which  regard  not  merely  the  phenomena  every  luminous  body,  and  entering 
of  liu:ht  and  vision,  but  which  seem  to  the  eye  impinged  upon  the  retina,  and 
furnish  man  with  new  sensibilities,  which  produced  sensation.  This  corpuscular 
arc  to  touch  what  the  microscope  is  to  theory,  which  is  as  old  as  Pythagoras, 
siffht^  and  disclose  to  his  view  wonders  was  adopted  by  Newton  for  the  expli- 
of  nature  which  would  refuse  to  un-  cation  of  the  phenomena  of  optics ;  out 
veil  themselves  to  any  other  power.  In  it  is  proper  to  add.  that  he  is  careful  not 
this  extensive  field,  more  ttian  in  any  to  intermingle  with  the  reasoning  from 
other,  has  the  philosophic  genius  of  his  experiments  any  assumptions  from 
our  own  times  shone  forth.  this  theory,  which  could  at  all  affect  the 
Bartolinus  received  from  some  Danish  validity  of  his  results,  all  of  which  are 
merchants,  who  frequented  Iceland,  spe-  entirely  independent  of  any  hypothesis, 
cimens  of  the  crystaU,  of  extraordinary  and  such  that  any  theory  must  account 
transparency  and  dimensions,  since  for  before  it  can  be  admitted  as  a  true 
known  by  the  name  of  Iceland  spar,  one. 

which  is  carbonate  of  lime,  in  a  crystal-        Huygens  took  up  the  subject  of  double 

lized  form.    While  making  optical  ex-  rrfraction,  in  order  to  obviate  any  ob- 

periments  with  pieces  of  this  crystal,  he  jections  to  his  undulatory  theory,  which 

discovered  that  it  exhibited  a  double  might  arise  from  it.    He  accordingly 

image  of  objects  seen  through  it,  and  explains  distinctly  the  law  which  regu- 

consequently  inferred  that  each  ray  of  lates  the  refraction  of  the  extraordinary 

light  in  passing  through  it  was  cloven  ray,  and  attempts  to  shew  how  the  phe- 

into  two  rays,  which  were  refi-acted  at  nomenon  maybe  accounted  forbysphe- 

different  angles,  while  the  angle  of  in-  roidal  midulations,  while  ordinary  re- 

cidence  of  the  whole  ray  of  which  they  fraction  is  ascribed  to  spherical  undu- 

were  the  component  parts  remained  the  lations.    As,  however,  this  part  of  the 

same.    Slight  observation  was  sufficient  subject  is  not  intimately  couuecliod  "vi^Vl 

to  prove  that  both  of  these  refracted  thediaco^erieaoi'Ne^OTk^ 'v^^'^t^kX. 

rays  did  not  obey  the  JSnellian  lair»  &r  here  entex  into  taxttMst  d«X»ii>iv^\i>X« 
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but  reftar  tiie  rmd&f  to  our  history  of  Mfvad  that  it  was  diAiied  into  ttuifiom 

optics,  in  which  this  and  many  other  of  a  oona,  and  that  tiia  shadows  of 

matters  entirely  omitted  here  will  he  bo<^  placed  in  thb  light  were  larnr 

treated  at  large.  than  tmy  would  have  been  had  the 

While  examining  the  two  rays  into  light  passed  without  intemiption  or  df- 

whioh  the  incident  ray  is  deft  by  the  flaidon  at  their  edges.    Upon  move  bii- 

Icelaiid  spar,  Huymis  diseovered  one  ttttta  and  careful  inspeetion,  he  cheat  sad 

of  the  facts  from  which  Newton  subee-  that  these  shadows  were  skiitiad  with 

quently  deduced  the  polarisation  of  light  threa  odoured  fkingts,  whidii  mm  nar- 

He  found  that  if  these  two  rays  entmd  rower  as  thsv  rpMded  from  the  body, 

a  second  prism  of  the  same  erystal  id-  He  also  obsorved,  thai  when  the  \\^i 

milariy  placed  with  respeet  to  the  ray,  was  iti»n|[  there  were  shnilar  stiwaku  of 

each  of  the  two  rays  were  again  M-  eolottr  witkdn  the  shadow,  whiidi  in^ 

fracted,  according  to  tiie  same  law  whidi  cieased  m  number  in  the  saiM  shadow 

r^ated  their  refhustion  in  the  first  when  it  was  reesived  at  %  grfwlBr  dis* 

crystal;  but  he  found  that  if  the  second  tanceflrom  the  body.    Pnwn  thoee  pbao 

pnsm  were  placed  at  right  anises  to  the  aomena  he  oonduded  that  U^^   la 

first,  the  laws  by  which  the  rays  were  passing  the  boundanes  of  aa  0|MUi 

refracted  were  interchanged.    In  every  tXKly,  was  turned  from  its  rsatilinear 

intermediate  position  of  the  second  em-  course,  an  efihct  which  hac  {icea  caBcd 

tal,  each  of  tne  two  rays  firom  the  wst  li|^Mofi  or  difiractiotu 

crystal  were  divided  into  two,  so  that  Another  experiment  inslittttwl  Iqr  fidi 

the  whole  primitive  ray  was  resolved  philosopher  indicated  a  still  smim  ci» 

into  four.    These  complicated  pheno-  vactdinary  property  of  lighl.  'Throiigll 

menaHuygensoonfessea  himself  unable  two  small  apertures  he  artnrtltsd  two 

to  solve,  and  it  remained  fpr  the  genius  cones  of  lif^t  Into  a  daiiwiisd  masber» 

of  Newton  to  expUin  the  curious  and  the  apertures  bchig  so  placad  1^  te 

beautiful  property  of  poUrisation.  cones  did  net  penetrate  in|0  MwttMr 

(14.)  Newton  was  Vwn  in  164i,  and  mitil  they  reaohod  a  ccnsldcittHB  #•- 

in  1663  James  Gregory  published  his  tpace  fkom  them.  Beyond  »is  dMnncs 

invention  of  the  reflecting  telescope,  the  lig^t  was  received  upon  ft  cifceB» 

consisting  of  two  concave  mirrors,  m  and  it  was  observed  that  ttm  part  of  flic 

larger  of  which,  receiving  rays  firom  the  screen  illuminated  by  l)oth  ttones  was 

object,  was  perforated  at  its  axis,  and  the  least  bright,  and  that  tts  dcme  of 

opposite  to  the  perforation  and  facing  illummation  was  faicieased  by  di$rivin( 


the  larger,  the  smaller  was  placed  so  as  it  of  the  light  of  one  of  tl)C  cciiBB»  \m 

to  receive  the  rajs  reflected  firom  the  stopphig  one  of  the  uieitaimk    Hhis 

larger,  and  reflecting  them  to  bring  them  it  d^^peared  that  a  Inidy  maf  aotoallf 

to  a  focu4  in  a  tube  placed  in  the  per-  become   more  obscure  by  mcreai^ 

foration.    The  image  thus  formed  was  the   quantity  of  light   wi|lah    imm 

viewed  with  an  eye-glass  as  in  the  as-  upon  It. 

tronomical  telescope.  We  have  in  this  diapter  attempted  tc 

Three  years  after  this  N^on  in-  give  a  short  sketch  of  the  principal  dis> 
vented  his  reflecting  telescope,  in  which  ooveries  in  oj^os  befiiiB  the  ome  of 
he  dispensed  with  me  perforation  in  the  Newton.  In  doinff  this  we  sliall  pcr- 
principal  speculum,  thereby  preserving  haps  be  accused  of  having  given  en  un- 
the  central  rays  which  were  most  es-  equal  or  disproportionate  itfeenticii  ts 
sential  to  the  formation  of  a  perfisct  particular  topics,  and  of  having  loiiidia^ 
image.  The  rays  reflected  firom  the  too  slightly  upon  others.  It  must  how- 
great  speculum  in  Newton*s  tdesco^  ever  be  remembered  thp^  our  dcsk;n  was 
were  again  reflected  to  an  aperture  in  not  to  write  a  history  of  opticsTtRit  to 
the  side  of  the  tube  by  a  plane  reflector  shew  the  reader  how  fut  me  way  ha4 
placed  at  an  angle  of  45^  with  the  aids  been  paved  for  Newton,  and  wbat  ad- 
of  the  tube.  At  this  aperture  they  were  vances  had  been  ahn»^y  madein  some 
viewed  in  the  usual  way  through  an  eye-  of  those  theorieswhioh  ne  has  the  merit 
glass.  of  oompletings  and  on  the  other  hfal 

(15.)  In  1665  the  work  of  Francis  to  shew  that  on  other  Bul]|ect8»  sac|i 

Maria  Grimaldi,  an  Italian  Jesuit,  was  as  the  unequal  refi«i«ibilify  of  h^ 

published,  containing  his  discovoy  of  absolutely  nothmg  was  kmnm,  iicr  eay 

thetii^toiior  jjtj^ftonoflight  He  advance  made,  even  itt  the  siiape  ef 

Mdmittad  a  n^  of  light  through  a  email  eowtieature. 

/i0/9io(o«ilsrlceiieachaaber»  and  oh-  Vlaiihi^^fnMmiVDLtfcAtMEadtdm^ 
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to  give  the  reader,  in  a  popular  form,  an 
account  of  Newton's  Optics,  a  work 
which  communicated  to  the  world  a 
series  of  discoveries  of  transcendent 
beauty,  and  which  would  themselves 
have  been  sufficient  to  have  conferred 
immortality  on  the  name  of  Newton, 
even  had  he  never  written  his  Prin- 

CIPIA. 

Cbaptbr  IL 


Axiom  rV. 

Refraction  out  of  the  rarer  medium 
into  the  denser,  is  made  towards  the 
perpendicular ;  that  is,  so  that  the 
angle  of  refraction  be  less  than  the 
angle  of  incidence. 

Axiom  V. 

The  sine  of  incidence  is  either  accu- 
rately or  very  nearly  in  a  given  ratio  to 
the  line  of  refraction. 


The  Compound  Nature  of  SoUxr  Light  Axiom  VI. 

established  by  Experiments.  Homogeneal  rays  which  flow  from 
^,^  ^  „  ,  .  4V ^  :  several  points  of  any  object,  and  fall 
(16.)  Bejom  he  enter,  upoji  the  m-  perp«,diSularly.  or  almost  perpendicu- 
temUng  detail  of  the  experiments  which  ^£  any  reflecting  or  refracting 
l«l  to  his  great  optical  discovenes.  New-  ,J;  „  ^erical  surfSse.  shaU  after- 
ton  explains  in  eight  axioms  the  lead  ng  i;^     jj^^  ^„^  ^             „jhg, 

principles  and  established  rwults  of  the  j^^,,  or  be  parallel  to  so  many  other 

fer„^^^.^„^  ^.^Z'-^TZ^'t.^  fine^  or  convW  to  so  man/  other 


i:  ..           i\  iTT          „-\!r  ♦tr^-iVr  happen,  if  the  rays  be  reflected  or  re- 
better  enabled  to  appreciate  fhe  dis-  f^£& '.uccessivdy  by  two  or  three  or 
covenes   we   have   to   «pl"«-     J^  more  plane  or  sphericLl  surfaces, 
propositions  respecting  the  properties  ^             * , 
of  fight  which  Newton  gives  under  the  Axiom  VII. 
title  of  axioms,  are  not  to  be  understood  Wherever  the  rays,  which  come  from 
as  partaking  of  the  nature  of  mathe-  all  the  points  of  any  object,  meet  again 
matical  axioms.    On  the  contrary,  many  m  so  many  points,  after  tliey  have  been 
of  them  are  results,  not  only  of  careful  made  to  converge  by  reflection  or  re- 
experiment,  but  of  very  subtle  and  com-  fraction,  there  they  will  make  a  picture 
plex  reasoninpf.    "  I  have,"  says  New-  of  the  object  upon  any  white  body  on 
ton,  "  now  given,  in  axioms  and  their  which  they  fall, 
explications,  the  sum  of  what  hath  been  Axiom  YIII 
hitherto  treated  of  in  optics.    For  what  .       . ,    .           .          '   ,. 
hath  been  generaUy  agreed  on,  I  con-  An  object  seen  by  reflection  or  re- 
tent  myself  to  assume,  under  the  notion  fraction,    appears  m  that  place  from 
of  principles,  in  order  to  what  I  have  JT^ence  the  rays,  after  their  las    reflec 
furtW  to  write.    And  this  may  suffice  1?^  or  refraction,  diverge  m  fallmg  on 
for  an  introducUon  to  readers  of  quick  ™  spectator's  eye. 
wit  and  good  understanding,  not  yet  The  work  opens  with  the  announce- 
versed  in  optics;  although  those  who  ment    of   the    discovery  that  lh; hts 
are  already  acquainted  witn  this  science,  which  differ    in   colour,    uiffkr 
and  have  handled  classes,  will  more  also  in  rbfrangibility. 
readily  apprehend  what  followeth.'*  For  those  readers  who  are  not  familiar 

The  following  are  the  propositions  with  the  science,  we  shall  first  explain 

assumed  by  Newton  as  axioms : —  the  meaning  of  this  property,  and  next 

A^,^  T  describe  the  nature  of  the  experiments 

Axiom  I.  ^   ^j^j^  Newton  estal)lished  it. 

The  angles  of  reflection  and  refraction  Let  S  S««,//r.  5,  be  a  section  of  any 

lie  in  one  and  the  same  plane  with  the  transparent  medium,  as  water  or  i?lass. 

angle  of  mcidence.  M  R  be  a  ray  of  red  light  incident  at 

Axiom  IL  It  *^^  supposed  to  proceed  from  some 

^  glass*    In  uke  manner,  let  B  lie  a  my 

Axiom  III.  of  blue  light  incident  at  T,  in  a  direction 

If  the  refr^ted  ray  be  turned  direcUy  B  F,  parallel  to  II  I,  and  proceeding  as 

baekto  thepoint  of  incidence,  itshallbc  Wo»  from  a  blu^  object  wVV\»XCivt^<5^ 

lefrafitgd  into  the  Um  befi^  dft^yribfil  tioA  or  tnnamiVUA  VYooxni^  Vavl^  \^<^ 

by  the  inddentm/.  The  ang^  «t  inni^uifiA  twv^Xs^N^c^ 


u 
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rays  R  and  B,  with  the  perpendiculan       (l7^LetABC,;^.6,iepreMiifcftieo- 
P  to  the  refractinir  sorfiioe  wul  be  equal,    Uoa  of  a  triaugular  glaas  pnsm  al  ri^ 

I  » 


beeause  the  rays  R  and  B  are  paralleL 
On  entering  the  medium  thefwUl  be 
both  deflected  by  the  law  of  refraction 
towards  the  perpendiculars  p.  Let  r  be 
the  course  after  refraction  of  ttie  fed 
ray,  and  b  the  course  after  refraction  of 
the  blue  one.  If  these  ravs  were  equally 
refrangible  they  would  be  equally  de- 
flected towards  the  perpendicular.  Su(^ 
however,  is  not  the  case.  The  red  ray 
r  will  be  less  deflected  frtnn  its  originu 
direction  than  the  blue  ray  6,  and  thane- 
fore  the  angle  under  the  linear  and  jp 
will  be  fcreBier  than  the  angle  under  o 
and  p.  Hence,  red  lifi;ht  is  said  to  be 
less  refran^ble  than  bhie  light 

We  might  expect  that  this  efllect 
would  be  easily  reduced  to  experiment 
by  colouring  two  sticks,  one  red,  and 
tiie  other  blue,  and  placing  them  paral- 
lel to  each  other,  obuquely  in  water.  In 
this  case,  the  broken  appearance  which 
the  sticks  should  exhibit  would  be  dif- 
ferent, the  ande  formed  by  the  parts  in 
the  water  with  those  in  the  air  being 
more  obtuse  in  the  red  than  in  the  blue 
stick.  It  happens,  however,  that  the 
difference  between  their  deflections  is 
so  small,  that,  in  this  way,  it  would  be 
very  difficult  to  render  it  perceptible. 

To  obviate  this  inconvenience,  and 
render  the  difference  of  refractions  so 
great  as  to  be  easily  perceptible,  Newton 
contrived  that  the  different  lights  should 
each  be  twice  refracted,  so  that  being 
originally  parallel,  they  should  thus  ac- 
quire the  sum  of  tne  divergencies  which 
such  refraction  alone  woiud  give  them. 
This  he  accomplished  by  using  a  glass 
prism,  in  the  nianner  which  we.  shall 

now  describe.* 

"^■^^~'"""— ~~"~~~"^"~^"""'^^^^"™^'"^"^^"^^™^*"-^""— •» 

*  W«  adTise  ererr  reader  who  hM-  not  eeea  tlM 
priimstic  ipeotram,  oefore  he  prooeeds  farther,  to 
procure  a  pmm*  or  a  eommcii  aanlar  piece  of 
glass  with  piaiie  sides,  and  to  transimk  thraiifk  it  a 
beam  of  the  ena's  light  admitted  throogh  aa  apertv* 
in  the  wiadow«ehatter  of  a  dark  room.  The  neilitf 
with  whieh  h&  wiU  oonpnhc^  NrwtoB*t  isUiMiBf 
^Mpvimmu  wUXthMtU  sraek  laossiil. 


angles  to  its  axis  (an  end  view  of  it)  A 
ray  of  red  light  entering  at  I  in  ttie  direc- 
tion R I  wm,  hf  the  refraetion  of  the 
glass,  be  deflected  in  the  direetion  r,  to- 
wardi  the  perpendicular  to  the  smftee 
B  C,  on  which  it  is  incident  On  meet- 
ing the  second  surface  B  A,  it  win  ciiieq;e» 
sufl'ering  a  second  refraetion  on  passmg 
into  the  air.  But  here,  as  itpaaaes  from 
riass  into  air,  it  will  be  defiectedyhM 
the  perpendicular  to  the  snrftoeBAni 
the  duvction  ^,  which  ineraftaet  aliD 
more  its  deviation  from  its  or^inaloomie 
R.  In  like  manner,  a  blue  r^  iacidcnl 
in  the  same  direction  at  I  wiU  suflfer  two 
deflations  at  the  surfaces  of  the  prism: 
but  in  each  ease  will  l)e  more  doledM 
from  its  original  dhrection  R»  than  the 
red  ray.  The  deviation  of  the  btiw  from 
the  red  ray,  on  emerging  from  the  sur- 
face BA,  will  evidently  l)e  found,  by 
adding  together  the  two  deviations  at 
the  surfaces  B  C  and  B  A.  Thus,  al- 
though either  deviation  alone  might  be 
too  small  to  be  perceptible,  yet  the  sum 
of  both  will  produce  a  sensible  effect 

( 1 8.)  To  raluce  this  to  absolute  experi- 
ment, Newton  states  that  he  took  a  black 
oblong  stiff  paper,  terminated  by  parallel 
sides,  with  a  line  drawn  from  aide  to 
side,  dividing  it  into  two  equal  parts. 
One  of  these  was  coloured  with  an  in- 
tense red,  and  the  other  with  an  intense 
blue.  He  then  covered  the  wall  and 
shutters,  surrounding  the  window  of  the 
room  with  black  cloth,  to  prevent  the 
light  reflected  from  them  from  interfer- 
ing with  his  experiment  On  a  table 
before  the  window,  also  covered  with 
black,  he  placed  the  colotued  paper,  the 
line  dividing  tlie  coloiurs  being  pemsodi- 
cular  to  the  plane  of  the  window.  Thtngs 
being  thus  arranged,  he  held  the  prism, 
with  its  angle  B,^.  7,  upwards,  so  that 
the  light  coming  from  tne  paper  RB 
should  be  twice  refracted  before  it  reach- 
ed the  eye  placed  behind  the  prism,  as 
represented  in  the  cut  Upon  viewing 
the  appearance  through  the  prism,  he 
found  that  the  blue  half  of  vat  paper 
vgij^eaxedja  Uttie  more  etevatod  OiMi  the 


OF  NEWTON^S  OPTICS. 


13 


red  half,  tvhich  plainly  proved  that  the  upon  the  light.  The  ^ater  that  refract- 
rays  from  the  blue  half  were  more  de-  ing  power,  other  things  being  the  same, 
fleeted  from  their  original  direction  than  the  nearer  to  the  lens  will  be  the  focus 
those  of  the  red  half.  Had  the  rays  been  into  which  the  rays  are  collected.  It  was 
equally  refrangible,  the  parts  of  the  also  well  known  that  the  place  of  the 
paper  would  have  maintained  the  same  focus  might  always  be  detected  by  the 
relative  position,  although  the  place  of  presence  of  an  image  of  an  object  placed 
the  entire  paper  would  appear  to  be  before  the  lens.  We  have  abready  stated 
elevated.  (p*  8),  that  a  certain  de^ee  of  indis- 

Fig,  7.  tmctness  will  attend  this  image,  when 

the  lens  is  spherical ;  but  still  a  certain 
point  of  greatest  distinctness  will  always 
De  found,  which  may  l)e  regarded  as  the 
place  of  the  focus,  were  all  spherical 
aberration  removed.  Now,  if  it  be  true 
that  light  of  different  colours  is  differ- 
ently refrangible,  and  that  according  to 
the  residt  of  the  experiments  already 
described,  red  light  is  less  refrangible 
In  order  to  confirm  the  conclusion  \h2iXi  blue  light,  it  would  follow  that  the 
deduced  from  this  experiment,  Newton  images  of  red  and  blue  objects,  formed 
viewed  the  same  paper  with  the  refract-  by  the  same  lens,  ought  to  be  found  at 
ing  angle  B,  ftg,  8,  of  the  prism  pre-  different  distances  from  it. 
sented  downwards.  He  found,  as  he  To  apply  this  test  to  the  coloured 
expected,  that  the  blue  half  of  the  paper  paper  already  mentioned,  Newton  wrap, 
was  lower  than  the  red,  being  more  de-  pea  round  it  an  extremely  fine  thread 
pressed,  owing  to  the  greater,  refraction  of  black  silk,  so  as  to  form  fine  black 
of  the  rays.  lines  upon  the  red  and  blue  ground,  as 

Fig,  8.  represented  inyfe.  9 ;  where,  for  distinc- 

tion, the  black  unes  are  parallel  on  the 
^  red,  and  cross  each  other  on  the  blue. 

1^      \  /         '   :^vA    He  covered  the  wall  of  a  dark  chamber 

with  black  cloth,  and  attached  to  it  the 
coloured  paper,  with  the  silk  Fig,  9. 
thread  wound  round  it,  as 
in  the  figure.  Immediately 
under  this  he  placed  a  light, 
so  as  to  illuminate  the  paper 
( 1 9.)  He  now  determined  to  submit  the  thoroughly,  the  flame  not 
question  to  a  different  test.  It  was  pre-  rising  above  its  lower  ter- 
viously  known  that  the  position  of  the  mination  ;  and,  therefore, 
focus/ in  which  rays  from  any  luminous  not  intercepting  any  of  the 
object  are  collected  by  a  lens,  depended  light  reflected  from  it.  He 
on  the  refracting  power  of  the  glass    then  placed  a  double  convex  lens  M  N, 

Fig,  10. 


-i^ 


>iar- 1 0.  of  about  four  inchto  md  a  quto-    firom  the  p&i^ex,  TVve  im^^  ^'^  ^^  '^^^ 
tcr  diameter,  at  about  six  feet  two  inched    was  recdvea  upon  «^  N«\MXft  wsc^Xk^  %^>aa 
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tame  distance  bdiind  the  lent.  This 
screen  was  slowly  moved  to  and  from 
the  lens,  mitil  that  position  rr  was  ob- 
tained, in  which  the  black  lines  upon  red 
were  seen  with  the  greatest  distmetness 
depicted  in  the  image  on  the  screen^ 
This  was  e? idently  tte  fbons  of  the  red 
rays,  because  the  bliek  lined  beoatte 
distinctly  fisible  only  when  the  red  boun- 
duy  was  precisely  defined.  In  this  po- 
sition the  black  lines  on  the  blue  part  of 
the  image  were  Mnt»  cdnfiiseai  and 
scarcely  distinruishable.  The  leieen 
was  then  moved  slowly  towards  the  lent. 
As  it  moved  the  lines  on  the  red  part 
became  faint  and  confused,  while  those 
on  the  blue  part  became  dear  and  dis- 
tinct, being  found  to  l)e  as  distinct  when 
the  screen  was  removed  an  inch  and  li 
half  nearer  to  the  lens,  as  the  lines  on 
the  red  had  been  in  the  first  position ) 
while,  on  the  other  hand,  the  lines  upon 
the  red  part  were  scarcely  observable. 
The  conclusion  was  irresistible;  the 
same  lens  placed  at  the  same  distance 
firom  red  and  blue  surfaces  illuminated 
by  the  same  candle,  brought  the  rays 
mm  the  one  surface  to  a  focus  nearer 
than  those  from  the  other ;  and,  there^ 
fore,  had  a  greater  refracting  power  on 
the  blue  rays  than  on  the  red ;  which 
conclusion  harmonised  exactly  with  the 
results  of  the  prismatic  experiments  pre- 
viously instituted. 

(20.)  Notwithstanding  the  very  con- 
clusive nature  of  these  experiments, 
Newton  reasons  from  them  with  a  de- 
gree of  caution  and  circumspection  truly 
philosophical.  *'  From  these  experi- 
ments/* he  says,  "  it  follows  not  that 
all  the  light  of  the  blue  is  more  refran- 
gible than  all  the  light  of  the  red ;  for 
both  lights  are  mixed  with  rays  differ- 
ently reh-angible,  so  that  in  the  red  there 
are  some  rays  not  less  refrangible  than 
in  the  blue,  and  in  the  blue  there  are 
some  rays  not  more  refrangible  than  in 
the  red ;  but  these  rays,  in  proportion  to 
the  whole  light,  are  but  few,  and  serve 
to  diminish  the  event  of  the  experiment, 
but  are  not  able  to  destroy  it :  for  if  the 
red  and  the  blue  colours  were  more 
dilute  and  weak,  the  distance  of  the 
images  would  be  less  than  an  inch  and 
an  half ;  and  if  they  were  more  intense 
and  full,  that  ima^^e  would  be  greater,  as 
will  appear  hereafter." 

These  experiments  were   conclusive 

respecting  light  which  proceeded  from 

the  colours  of  natural  bodies.    But  it 

stUl  remained  to  analyze  the  direct  solar 

l^ht,  and  to  determine  the  nature  of  the 


beams  of  whHe  Hghh  wMdi  art  ttm 
means  of  rendering  all  eokmred  eft)]^ets 
Timble,  and  of  eauslng  them  to  tnxuaA 
the  eokmred  light  whkh  emergos  frooi 
them*  , 

(ftl.)  If  arayoflight,dirwtfroiillM 
ton*  be  admitted  through  a  iiBall  apa»- 
tmrci  A,Jlg^  11,  in  the  winftow^^lratterof 

Fig.  11. 


a  darit  ehamber,  &  drento  imaije  of  the 
suii  tprill  be  fbrmed  by  the  twji  admitted 
through  the  hole,  and  inay  be  tWtAi^ 
upon  a  paper  screen,  as  at  S  8^  We 
snail,  ftir  the  present,  suppose  the  hote 
to  be  so  small,  that  its  diameter  inay  be 
neglected,  and  it  may  be  re^atded  as  a 
physical  point.  The  rays  whidi  proeeed 
from  the  several  points  of  toe  sun's 
disc  entering  the  aperture  A,  cross 
each  other,  and  that  from  the  highest 
point  proceeds  to  S'  the  lowest  point 
of  the  image,  while  that  firom  the 
lowest  proceeds  to  S  the  highest  point 
of  the  image.  In  like  manlier  the  ray 
from  the  right-hand  side  of  the  sun 
proceeds  to  the  left-hand  skie  of  the 
image,  and  that  from  the  left-hand  side 
to  the  right-hand  side  of  the  image*  In 
the  same  way  every  point  of  the  sun's 
disc  is  referred  to  that  point  of  the  image 
diametrically  opposite  m  positioii.  The 
image  is  therefore  inverted  in  whatever 
way  it  be  considered  with  refisraioe  to 
the  sun. 

The  magnitude  of  the  image,  or  illu- 
minated spot,  on  the  screen*  evidently 
depends  on  the  distance  of  the  screen 
from  the  aperture  A,  increasing  as  that 
distance  increases ;  and  the  diameter  of 
this  image  subtends  at  the  hole  A  the 
same  angle  as  the  sun  subtends  at  it,  or 
as  the  apparent  diameter  of  the  sun. 

We  have  here  supposed  that  the  hole 
has  no  sensible  magnitude,  or  is  a  phy- 
sical point.  If  this  be  not  the  case,  and, 
on  the  other  hand,  the  aperture  have  a 
sensible  diameter,  all  that  we  have  above 
stated  will  be  true  of  eveiy  separate 
point  in  it:  so  that  there  will  be  innu- 
merable images  of  the  sun ;  the  centres 
ot  ^bkdiiim  \)«  ^S^kS&i3a«4  v(«r  «.  vnaCB 
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upon  the  sereen  equal  to  the  size  and 

shape  of  the  aperture.    At  present  we 

wij]  consider  the  aperture  eireular.    To 

find,  then,  the  magnitude  of  the  illunii<- 

nated  spot  upon  the  screen,  first  describe 

a  eirele  A  B,  figi  \%  whose  diameter  is 

equal  to  that  of  the        ^^  •« 

hole.  Then,  adding  to       -^-  "• 

the  radiuft  of  tnis  eir- 

de  another  line,  A  G« 

whose  ledgth  ift  sudi 

as  would  subtend  at 

the    hole    an    angle 

e<)UBl  to  the  sun*8  se- 

midiameter,  with  the 

whole   (tistanoe   O  C 

describe  a  eirde.   This  dirole  will  be  the 

magnitude  of  the  illuminated  spot  oil 

the  screen. 

(22.)  Instead  of  allowing  the  beam  of 
light  to  pass  diredhr  from  the  aperture 
to  the  sereen,  let  it  be  intercepted  by  a 
prism  ABC  near  the  hole,  with  its  re- 
traethig  anj^e  B  presented  downwards. 
The  r^raction  by  the  surfaces  of  this 
pism  might  be  expected  to  deflect  the 
beam  from  its  original  course,  and  raise 
it  to  an  higher  position,  as  represented 
in  fig,  13.    The  part  of  the  sereen  on 

Fig.lZ. 


n 


G. 


whkh  the  refriteted  ray  faUs,  is,  accord- 
ingly, elerated  by  the  eflbet  of  the  prism* 
but  this  is  not  tlie  only  effect  {Hroduced* 
The  breadth  of  this  tpeetrum^  as  it  ia 
called,  is  exactly  equal  to  the  diameter 
of  the  illuminated  spot  which  would  be 
projected  on  the  screen,  if  the  prism 
were  removed.  But,  instead  of  a  cir- 
cular image  beinj^  projected  on  the 
screen,  mt  illummated  part  assumes 
an  oblong  form,  such  as  RV, /jgr*  14. 
The  sides  are  straight,  and  the  ends 
semicircular— the  ]e^;th  being  perpendi- 
cular to  die  axis  of  the  prism. 

It  appears,  therefore,  that  of  the  rays 
which  pass  throurii  the  prism,  some  are 
refracted  to  a  hi^ier  part  of  the  aeretn 
than  others,  those  toward  the  end  V 
being  more  derated  2^  the  nefiractioii 


than  those  towards  the  end  R.  JPi^.14. 
PVom  this  Newton  inferred,  y 
that  of  the  light  which  passed 
through  the  prism^  some  was 
ipore,  and  some  less  refracted, 
those  rays  which  passed  to- 
wards the  higheet  points,  V, 
being  more  refracted  than 
those  which  passed  towards 
the  lowest  points  R. 

The  oblong  form  given  to  the 
illuminated  part  of  the  screen, 
waa  not  the  most  curious 
or  surprising  effect  produced 
by  the  prism.  This  unage  or 
spectrum  exhibited  the  most  beautiful  se- 
ries of  colours,  each  depicted  on  the  screen 
with  a  degree  of  splendour  and  inten- 
sity  far  exceeding  those  of  the  colours  of 
an^  natural  object.  Beside  these  the  most 
brilliant  colour  which  nature  presents, 
or  the  most  refined  efforts  of  art  could 
exhilnt,  would  seem  faded  and  dim.  The 
lower  eKfanemity,  H,  exhibited  the  most 
daislin^  red^  and  aboye  this,  in  regular 
succession,  were  ranged  the  colours, 
oremge^  ydlow^  fpreen^  blue,  and  indiso^ 
the  upper  tenmnation,  V,  being  videU 
These  odours  were  not  separated  br 
distinct  limits,  but  the  tints  seem  to  meft 
imperceptibly  one  into  another,  it  being 
impossible  to  determine  exactly  where 
any  one  ended  and  the  next  began.  Thus 
the  red  was  tinted  off  insensiblv  into  the 
orange,  the  orange  into  the  yellow,  and 
soon. 

f^om  these  obsenrations,  it  is  appa« 
rent  that  the  red  light,  and  all  that  por- 
tion of  light  which  piuiook  of  this  cha* 
meter,  bong  deflected  to  the  lower  part 
of  the  apecfrnm,  is  less  refracted  tnan 
the  blue  light,  cum!  those  colours  of  the 
same  oiass  which  are  refracted  to  the 
iq»per  part  It  would  therefore  seem  to 
be  an  obrious  inference,  that  the  solar 
beam  incident  on  the  prism,  was  a  mix- 
ture of  difllerent  kinds  of  light ;  that  the 
nrism  acting  on  the  component  parts  re- 
tracted some  of  them  in  a  greater,  some 
in  a  less  degree ;  those  partaking  of  the 
blue  character  bein^  more  refracted  than 
those  of  the  red  kind.  This  inference 
seems  also  to  harmonize  with  the  former 
experiments  made  upon  coloured  bodies 
(18,  19),  wherel^  it  was  proved  that 
red  light  is  less  refrangible  than  blue. 

(23.)  Newton  repeated  the  preceding 
experiment  in  another  way.  The  prism 
\xmg  placed  as  before,  at  the  aoerture 
in  the  window  shutter,  he  ^lacedW  v^^ 
behind  it,  to  ai\OTeafiri«^i!bAxvs%«Bi»c%> 
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piigm.  In  this  ease  the  eye  supplied  the 
place  of  the  screen  in  the  former  experi- 
ment, the  rays  which  formed  the  spec- 
trum entering  the  pupil  as  they  emerged 
from  the  prism.  He  found  the  same 
effects  to  ensue.  Hebehdd  the  oblong 
spectrum  as  before,  the  order  of  the 
colours  being  in  all  respects  the  same. 

(24.)  It  appears  by  the  experiment 
wluch  we  have  descriliedthat  the  action 
of  the  prism  was  such  as  to  dikte  the 
ray  in  a  direction  at  rigjft  angles  to  its 
length,  and  thereby  to  give  the  spectrum 
the  oblong  form.  Now  if  this  dilatation 
was  the  consequence  of  the  action  of  the 
material  of  the  prism,  and  not  of  the 
various  refrangibuity  of  the  component 
parts  of  solar  light,  it  must  inevitably 
follow  that  a  second  prism  placed  with 
its  length  vertical,  and  consequently  at 
right  angles  to  (he  first,  so  as  to  refract 
the  light  sideways,  would  dilate  the  ray 
as  much  in  the  horizontal  direction  as 
the  first  did  in  the  vertical.  The  infer- 
ence from  this  would  necessarily 'be,  that 
the  combined  action  of  two  prisms  would 
be  to  give  a  square  spectrum,  as  much 
length  bein^  obtained  by  the  action  of 
the  one,  as  breadth  by  me  action  of  the 
other. 

Accordingly  Newton  tried  this  expe- 
riment.   Let  RY,  Jig,  15,  be  the  spec- 
trum produced  by  the         p-    jg 
first  prist6.  He  placed  ^'     '      t 

another  prism  with  its  J^- S^ 

length  vertical,  and 
consequently  at  right 
angles  to  the  first,  and 
when  the  rays  were  in- 
tercepted by  it,  the  ef- 
fect was,  that  instead 
of  the  spectrum,  V  R, 
being  spread  over  a  square  surface,  it 
retained  its  breadth,  but  was  transfeired 
to  the  position  V'R'. 

This  result  furnished  a  most  convinc- 
ing and  beautiful  confirmation  of  the 
theory  of  Newton.     The  rays  at  the 

Fig- 


upper  end  of  the  spectrum  were  defleeM 
by  the  second  pnsm,  through  the  Sm- 
tances  A  B,  from  their  former  pomU&oOp 
while  the  rays  at  the  low«r  end  were 
only  deflected  through  the  smaller  ipeoes 
a  b.  The  breadUi  of  the  tpectram  re* 
mained  unaltered,  plainly  shewiiig  tiiat 
the  second  prism  bad  no  i^owerto  dikte 
the  rays  which  formed  it  The  rays 
which  were  most  refracted  bf  the  fint 
prism,  were  those  of  the  blueiah  charac- 
ter, which  occupied  the  upper  pait  of 
the  spectrum.  These  same  rays  were 
also  most  refracted  by  the  secood  prism, 
being  most  removed  from  their  first  po- 
sition (through  the  spaces  A  B).  Also 
the  rays  which  were  least  refracted  by 
the  first  prism,  were  those  of  the  reddish 
character  which  occupied  the  lower  part 
of  the  spectrum ;  and  these  also  are  least 
refracted  by  the  second  prism;  bdi^ 
those  which  are  least  removed  from  their 
places  through  the  distances  a  6. 

To  put  this  question  even  more  bqrond 
dispute,  Newton  received  the  nq^s  finom 
the  second  prism  on  a  third,  pleosd  with 
its  length  parallel  to  the  length  of  the 
spectrum,  and  found  the  same  eiBent  re- 
peated, the  third  position  of  the  spec- 
trum being  inclined  to  the  second  in  the 
same  manner  as  the  second  wasmclined 
to  the  first,  but  no  dilatation  taking 
place,  and  the  breadth  of  the  spectrum 
remaining  the  same.  He  states  that  he 
used  a  fourth  prism  with  the  same  re- 
sult. 

It  is  important  to  remember  that  in  all 
these  experiments  the  li^ht  is  all  inci- 
dent on  each  prism  at  Sie  same  angle. 
For  if  its  parts  fell  upon  the  surfiuie  at 
different  angles,  different  quantities  of 
refraction  would  be  the  natural  and  ne- 
cessary result. 

(25.)  Newton  contrived  a Teiy  el^;anft 
experiment  to  shew  the  regularity  witti 
wmch  the  prisms  determined  the  magni- 
tude, figure,  and  position  of  the  si 
Before  two  small  apertures  F,y;  Jig,  16, 

16. 


ia  the  wiadow  shutter  he  plaoed  two    mediately  beneath  the  other,  with  their 
MJ/nHar  prisms  A  B  C,  a  &  c,  the  one  im-   \en^bis.^^x^€^  «a!l  \tfnra^iD&»i«    Tbest 
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cast  two  speeimms  R'  V,  r'  v\  on  the  op- 
posite wall  80  as  to  lie  in  the  same  right 
line,  and  having  the  lengths  at  right  an- 
gles to  the  floor,  the  lowest  point  R',  or 
red  end  of  one,  bein^  contiguous  to  the 
highest  point  t/,  or  violet  end  of  the  other. 
A  third  prism,  DH,  was  now  placcKl 
with  its  length  vertical,  and  of  course  at 
right  angles  to  the  other  two,  and  so  as 
to  receive  the  rays  emerging  from  them. 
The  two  spectnmis  were  immediately 


translated  from  their  former  positions  to 
other  positions  RV,  rv^  no  longer  in  the 
same  fme.but  similarly  inclined  to  the  for- 
mer, and  therefore  parallel  to  each  other. 
(26.)  The  next  test  to  which  Newton 
submitted  the  problem  was  even  more 
conclusive  and  convincing  than  any  of 
the  preceding.  Through  an  aperture,  O, 
^.  17,  in  the  window- sn utter  he  admitted 
a  beam  of  the  sun*s  light  which  he  re- 
ceived upon  a  piism  ABC,  placed  before 


the  aperture.  The  spectrum  produced 
by  the  refraction  of  this  prism  was  re- 
ceived upon  a  screen  perforated  by  a 
small  hole  O.  The  several  coloured 
lights  of  the  spectrum  l)eing  diffused 
over  a  considerable  space  upon  the 
screen,  and  the  aperture  Of  being  small, 
the  light  of  but  one  colour  passed 
through  it,  while  the  prism  A  B  C  re- 
mained stationary ;  but  when  this  prism 
was  slowly  turned  round  its  axis,  the 
spectrum  moved  upwards  and  down- 
wards on  the  screen,  so  as  to  transmit 
in  succession  the  lights  of  the  several 
colours  through  the  aperture  O'.  At  a 
distance  of  about  twelve  feet  from  this 
screen  another  was  placed,  Ravine,  in  like 
manner,  a  small  apolure  O".  The  beam 
of  coloured  light  transmitted  through  the 
aperture  (V  was  received  upon  the  se- 
cond screen,  diffusing  itself  over  a  space 
of  some  magnitude.  A  small  ray  of 
this  light  passing  through  the  aperture 
0"was  received  upon  a  prism  A'B'C 
placed  immediately  l)ehina  it,  and  by  this 
prism  was  refracted  to  a  certain  point 
upon  the  opposite  wall. 

The  prism  A'B'C  remaining  fixed, 
the  prism  ABC  was  turned  until  the  red 
end  of  the  spectrum  fell  upon  the  hole 
C.  A  ray  of  red  light  row  passed  from 
O'  to  O'',  and  was  refracted   by  the 

?rism  A' B' C  to  the  point  R  on  the  walL 
'his  point  was  marked.  By  a  slight 
motion  of  the  prism  A  B  C,  the  orange 
light  was  next  brought  upon  O^  ana  a 


ray  of  it  passing  in  the  direction  O'  0'' 
fell  upon  the  prism  at  the  same  ani^Ie  as 
the  red  light  had  before  been  incident. 
This  orange  ray  was  refracted  by  the 
prism  A'B'C  to  a  point  O  on  the  wail 
a  little  above  the  point  R  to  which  the 
red  had  been  brought.  The  yellow, 
freen,  blue,  indigo,  and  violet  rays  were 
in  succession  transmitted  in  the  same 
way  to  the  prism  A'  B'  C,  all  being  in- 
cident upon  it  at  the  same  angle,  and 
they  were  severally  found  to  be  refracted 
to  the  points  Y,  G.  B,  I,  and  V.  Thus 
it  appeared  that  the  several  coloiu-ed 
lights  into  which  the  sun-beam  was  re- 
solved by  the  prism  ABC  were,  under 
the  same  circumstances,  differently  re- 
fracted by  the  prism  A'  B  'C,  each  light 
being  refracted  the  more,  the  nearer  its 
situation  to  the  violet  end  of  the  specfrum. 
The  conclusiveness  of  this  result 
would  have  satisfied  an  ordinary  in- 
quirer»  and  it  would  have  immediately 
been  made  the  basis  of  a  theory.  The 
ardour  of  discovery  was,  however,  in 
Newton  tempered  by  philosophical  cir- 
cumspection, and  in  the  unwearied 
patience  of  his  research,  he  left  untried 
nothing  which  could  put  his  hypothesb 
to  the  proof,  and  overturn  it  if  false.  In 
the  records  of  scientific  discovery  there 
is  not  a  more  splendid  instance  of  an 
investigation  in  which  theory  and  ex- 
periment mutually  guide  and  sui^^ort 
each  other*  In  t^e  ^tiX«x]^Ta&K:oX.v 
Newton  ibund  \b»X  \bA  c^o^asn^^^i^ 


II  A  tVPULMl  AC0t)tn4t 

Rllcetcd  froU  M  tattttm  at  iwtinl       In  this  experiment,  b^  turning  one  of 

tradin  w««  dlflbuflr  n*MwO*  {  «nd  the  priains  upon  its  axis,  he  was  enabled 

_L .!_  u.  .i._^  .i.>.iL.  ;^i_-^  ,^  iUominate  one  half  of  the  thread 

succeisifely  with    the    fiolel,   indigo, 
bive,  green,  and  the  other  prismalic  co- 

„ — . — ^-  j^---_-_  _■  -  ,  lourt,    while  the    other   prism,  main- 

nfleeled  ttMnttttmilWfllaliMHHUM  taining  its  position  eonstantly  illuminated 

iWtugibMwcte  libottw  MlWiWlliWt  the  ofter  haif  of  the  thread  with  rrf 

nflwigible  to  ths  nSMod  Mrfir  Hm-  lishl.    Upon  viewing  these  phenomena 

But  in  onbr,  u  it  wtftt  W  ideD%lhe  guccesiiTely  with  a  third  prism,  he  round 

two  eiperimentt  oil  mttn^kl  HldOM  9tA  that  in  each  case  the  parts  of  the  thread 

coloured  light,  he  instituted  the  fcllowiag  illuminated  with  lights  of  different  co- 

espaiment.  lours  were  separated,  but  the  separation 

(370  By  means  of  two  priimi,  H  de-  was  createsl  between  the  red  and  violet, 

•cribed  in  (25),  he  pnjaded  two  apec-  lets  between  the  red  kad  indigO)  itillleH 

trunu  on  the  wall,  K)  a*  to  be  (uoed  between  Ibe  red  and  Uve,  aad  eoon. 

end  to  end  in  the  lame  direetioii,  and  being  taj  mall  between  tbo  nd  and 

■o  that  the  nolet  end  of  the  one  J<nned  orai^e.    But  when  both  paHt  of  the 

the  red  end  of  the  otha-.    At  MHne  dl>-  thmd  wm  ilhunbuted  Wim  tbi  ted*  of 

tance  from  the  wall  ha  plaeed  a  ilendar  the  two  ipeetr*.  the  ftareid  ^ipMrad  no 


piece  of  white  paper,  with  atraijM  and  longer  bnlKn.    It  ii  enrc^  n , 

parallel  edgei,  and  K>  arranged  Uttt  the  to  domm,  that  aH  Omc  pMBomena 

rcdlightR,/;;.  IS.oftheoDeipectmm  were  audi  aa  nnut  ban  Mki  eaMtf 

Pir  \»,  foreaeen  from  the  iiuihoaed  nUfcanelie- 

t="  ^„    Ji  AamA  hirthar,  p-»  - 

loroBiY  aUhough  he  h«        ,     

■honld  lllntnine  one  half  ot  the  puMr.  tlOMdTt    He  ndght  hm  flMMm  oa 

WhUe  the  Tiblet  li^t,  V,  of  the  oOier  the  thread  vray  poaabh  dkUM  ptfr 

mectrum   illuminated  the  other   half,  of  thepriiniatic«olmW,byiBOTlligBlim 

The  paper  thui  appeared  of  two  colours,  priama  oti  their  aiii,   aad  the  iMolt 

red  and  violet,  nmilar  to  the  painted  would  be  that  the  appannt  wpaTaUim 

paper  used  In  the  exberknent  dennibed  of  the  paitt  of  the  tfarMd,  wheli  iriewed 

In  (IS).    The  remaining  U^ts  of  each  Ihrougfa   the  ptinn,  would  h^n  beA 


it  have  oanied  wiB  e^a- 
r,  aud  pnbatdjrtadUant 

hM  niA  WtttMlaifyaiah 


le  remaining  U^ts  of  each  Ihnmgfa   < 

isbg  beyond  the  paper  fdl  great  m  ] 

dl,  whicti  wax  hung  with  tween  Qie 

light  reflected  from       (SB.)  A 

the  experiment.    It  bj  Newtoi .  ^  . 

arrangement  wai  waa  leceired  upon  a  aoreea,  mn  re- 

colonred  li^  pro<  peated  with  the  lame  auoeeaa,  the  U^ 

ction  of  the  prism  bang  adndtted  immediate^  to  flie  ejv 


■pectnim  paasbg  beyond  the  paper  fdl  great  m  proportion  to  tt 

upon  the  wall,  whicti  wax  hung  with  tween  Qie  two  edonn  in  the  q 

black.  In  order  that  light  reflected  from       (SB.)  AU  those  eiperlMtitl   

it  might  not  diaturb  the  experiment.    It  by  Newton,  m  whieh  the  ivftteM  fi|^ 

is  efident  that  thia    arrangem"'  -  " '-'' " 

luch  as  to  place  the  coloured  \\ 

duned  by  the  refraction  of  tt-_  ^ „  _  ,         . . 

exactly  under  the  tame  cireunuUncei  tmm    the  prism,  without  ths  nae  irf 

aa  the  light  reflected  hy  the  coloun  of  the  ecnen.    "Riua  the  eqieriiiMit  (U) 

natural  bodiei  in  the  experiment  already  in  Which  the  two  apeetra,  lying  Id  te 

alluded  to.    Accordingly  Newton  viewed  aaine  line,  were  reflwted  by  Ibe  JiriMM 

the  illuminated  paper  through  a  prism  to  parallel  lines,  waa  Kpe^td  thtla.  Iba 


held  parallel  to  it,  as  In  that  experiment,  spectra  were  viewed  through  %  nisn 
and  round  enetly  the  lame  result,  via.  without  disturUng  the  aOTeen,  ana  tbdr 
that  the  violet  half  was  sepatsted  from    apparent  position,  as  seen  through  the 


the  red  by  a  greater  refraction,  to  that  pnsm.was  foundtobethe  st  _    _ 

the  parts  of  the  psper,  instead  of  forming  tefracted  by  the  third  prism,  andfeorited 

one  straight  band,  were  now  separated  i^n  the  screen, 
from  one  another,  hut  placed  in  parallel       TwoprismsABC,A3'C',  Af.  19,wer« 

dh«ctions.    Instead  of  using  a  band  of  also  placed  at  apertures  in  tne  window- 

{wper,  he  sometimes  used  ai^te  thread,  shutter,  the  refracting  an{^  of  one  being 

one  half  of  which  he  placed  in  the  violet,  directed  npwatds,  and  that  of  Uie  oOmt 

and  the  other  in  the  nd  li^,  and  ob-  downwards.    The  spedra  produced  by 

Mrved    the   same   effect,    the  thread  these  prisms  were  both  in  U  uprigM 

appearing  to  be  broken,  and  one  half  of  podtioo;  buthad  the  ooloara  arnmnd 

it  mored  out  of  it*  place,  bat  panllel  to  m  an  opiXMte  order,  the  rod  end  lw| 

itoAnna-podtion.  Oieta^m&a  one,  udtba  lower  k 
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the  other.  One  of  the  prisma  was  slowly  spectrum  prodaced  by  the  other.  The 
turned  on  its  axis,  until  the  spectrum  two  speetra  thus  appeared  to  form  one, 
produced  by  it  wai  thrown  upon  the    whidii  in  its  edours,  differed  from  either 

Fig.  19. 


of  them,  the  red  of  the  one  being  mixed 
with  the  violet  of  the  other,  the  orange 
with  the  indigo,  and  so  on.  This  mixed 
spectrum  was  now  viewed  throuj^h  a 
third  prism,  held  as  represented  in  the 
figure.  The  effect  which  ensued  was,  the 
separation  of  the  spectra,  which  assumed 
the  cross  position  shewn  in  the  figure. 
This  experiment  is  another  varied  of 
that  which  we  last  described ;  the  in- 
clined positions  assumed  by  the  spectra, 
with  respect  to  their  first  position,  was 
explained  in  (24)  to  arise  from  the 
different  refrangibilities  of  the  rays. 
In  the  present  experiment,  this  inclined 
position  is  given  at  the  same  time  to  two 
spectra.  The  inclinations  are  in  opposite 
oirections  with  respect  to  the  first  po- 
sition, because  the  lie hts  which  form  the 
spectra  are  disposed  in  an  opposite  order. 
(89.)  The  followmg  experiment,  men- 
tioned by  Newton,  S  another  beautiful 
example  of  the  analysis  of  mixed  lights. 
A  circular  piece  of  white  paper  A,  about 
one  inch  in  diameter,  was  placed  before 
a  black  wall,  and  using  the  two  prisms 
mentioned  in  the  last  experiment,  the 
paper  A,  Jig,  20,  was  iUuminated  at 
the  same  tune  with  the  red  light  jpv^^  20. 
from  the  one,  and  a  deep  violet  ^* 
li^ht  from  the  Other.  B] 
mixture  the  paper  assumed 
rich  purple  colour.  The 
A  was  then  viewed  through 
a  prism  at  some  distance,  and 
the  appearance  exhibited  was 
two  cycles,  R  and  V,  the  cir- 
cle R,  nearer  to  the  paper 
l>eing  red,  and  the  more  re* 
mote  one,  V,  violet.  The  prism 
in  this  case  refracted  the  red 
and  violet  hght,  mingled  in 
the  ctrde  A,  Sut)ugh  mfferent 
angles ;  the  redi)eing  least 
frvigibte  was  removed 
and  the  more  refnuigilde  vio- 
]ei  light  cmn§d  90  6w  uY^j 


)  violet  ^...^ 

imed  a  f   -A-  J 

e  circle  \ y 

h 


mfferent  ^— ,. 
least  re*  f.S\ 
sd  to  R,  I  ▼  J 


To  confirm  this,  the  apertures  before 
the  prisms,  which  cast  the  red  and  violet 
lights  on  A,  were  in  turns  covered,  so  as 
altemately  to  deprive  the  circle  A  of 
these  lights.  It  was  accordingly  found 
that  the  circles  R  and  V  altemately  va- 
nished, plainly  proving  that  all  the  light 
of  R  came  from  the  prism  which  cast 
the  red  light  on  A,  ana  that  all  the  light 
of  V  came  from  the  prism  which  cast 
the  violet  light  on  A. 

By  turning  one  of  the  prisms  at  the 
window  upon  its  axis,  the  circle  A  was 
successively  illuminated  with  all  the  pris- 
matic lights,  while  the  other  prism,  being 
stationary,  constantly  projected  on  it  an 
intense  red  light.  The  effect  produced 
to  an  eye  viewing  these  changes  through 
the  third  prism  was,  that  the  circle  V 
changed  its  colour  according  to  the 
change  in  the  light  used  witli  the  red 
upon  A  But  the  change  of  colour  was 
not  the  only  alteration  observed  in  V. 
Its  poiiHon  was  also  chang^.  When 
the  blue  Hzht  was  mixed  with  the  red, 
it  appeared  nearer  to  R.  Still  nearer 
when  green  was  mixed  with  red  on  A. 
In  a  word,  the  circles  R  and  V  alwavs 
exhibited  the  colours  mixed  upon  A, 
and  their  separation  firom  A  and  from 
each  other  always  corresponded  to  the 
separation  of  the  prismatic  spectrum 
from  the  direct  course  of  the  light,  and 
to  the  separation  of  the  two  lights  in  the 
spectrum  firom  each  other. 

From  all  these  experiments  no  doubt 
could  remain  that  lights  which  differed 
in  colour  differed  also  in  reCrangibility. 
One  teat  more  however  remained,  ana- 
logous to  that  which  was  applied  to 
the  colours  of  natural  objects  in  (19). 
If  the  difference  of  refrangibility  be  ad- 
mitted, it  wiU  necessarily  foUow  that  the 
same  doable  ooiKf  ex  Vena  'w*'^  Vkh^  ^>SL<- 
ferent  fod  for  difEwenVi^  QoV>\a^\\s^\a« 
the  f oeoa  of  tha  mote  T^ttaxv^^^  \^!^ 
Wiiig  iiMHW  V>  labia  \ienm  \fc»  Via»X  ^^isA 
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l«w  refruigible.  Thiu  if  the  lent  be 
expof  ad  to  b  beam  of  tktlet  light  pro- 
ceediiw  from  •  ^en  object,  and  col- 
leett  tMt  light  to  a  focui  tt  t  certain 
point,  it  siMuld  eoDeet  red  light  to  a 
fncui  at  a  mon  diitant  point,  and  Uie 
light*  of  intermediate  coloiir  to  pcuata 
hetneen  Ihete  extreme  limits. 

(30.)  In  order  to  reduce  the  doctrine 
to  thia  teat,  Newton  caat  a  strong  red 
light,  bv  meant  of  a  priam,  upon  the 
page  of  an  open  book  m  a  duV  room. 
At  a  certain  diitance  from  the  t)oolc 
thui  illuminated,  he  placed  a  double 
convex  lens,  to  as  to  give  an  image  of 
the  book  at  its  focus ;  thia  image  wai 
receiTed  won  a  aiwet  of  white  pwper 
proper]]'  placed  behind  the  lent.  The 
iiook  and  the  lent  being  fixed  in  their 
reHpectiTe  potiliont,  the  paper  waa 
moved  until  that  utuation  nai  found  in 
which  the  image  of  the  page  and  its 
letters  were  most  dittinetly  depicted  on 
the  paper.  Tbii  position  waa  of  course 
the  fbcui  to  which  the  red  li^t  re- 
flected from  the  book  was  ooUected  hj 
the  lens.  The  prism  in  this  experiment 
waa  to  placed,  that  ai  the  sun  moved 
in  the  heavens,  the  several  coloured 
lifl^ta  of  the  tpectrum  were  successiveir 
cast  upon  the  book,  without  disturbing 
either  its  place  or  those  of  the  prism 
or  the  lens.  The  position  of  the  book 
was  ascertained  in  which  the  letters  ap- 
peared most  distinct,  and  it  was  found 
that  as  the  successiTe  prismatic  lights, 
in  regular  order  from  rad  to  violet,  patted 
over  the  tmok,  the  place  of  neatett 
distinctness  eraduall;^  approached  the 
lens,  so  that  £e  fiill  vioM  lieht  required 
for  distinctness  that  the  book  should  be 
two  inches  and  an  half  nearer  to  the 
lens  than  for  the  rtd  light 

In  ttuB  experiment  it  waa  necesMiy  to 
render  the  chamt)er  extremely  dark,  in 
order  to  prevent  the  pure  prismatic  light 
oast  upon  the  book  from  lieing  diluted 
by  the  white  light  which  might  be  scat- 
tered about  the  room.  In  proportion  at 
this  adventitious  light  was  admitted,  it 
was  found  1  hat  the  distance  between  the 
silreme  foci  became  less.  And  this  i> 
plamly  the  reason  why  the  distance  be- 
tween the  extreme  foci  of  prismatic  lit^t 
was  found  to  be  so  much  as  two  inches 
and  an  half,  while  the  distance  for  light 
reflected  from  natural  bodies  was  only 
ano  inch  and  an  half  (19).  For  the 
colours  ot  natural  bodies  never  have  the 
extreme  vividness,  puriW,  and  splendour 
wbicb  are  obtained  by  the  prism. 
<3I.)  TTie  doctrine  of  the  different  re- 
VB^gUalify  of  liglit  led  to  Uk  obvious 


which  Newton  eaMty  foresaw,  and  from 
which  he  derived  another  iMautiful  teat 
to  establish  the  truth  of  his  theory.  To 
render  thia  intelligible  to  thoae  vHxi  an 
not  familiar  with  optical  inveatisatioiit, 
we  must  here  tie  permitted  t  diort  di- 


recolketed  that  long  befbn 
the  time  of  Newton,  it  waa  known  that 
the  deflection  of  a  ny  of  lij^,  in  pass- 
ing from  a  denser  into  a  rarer  trans- 
parent medium,  yiujivm  tbe  perpendi- 
cular. Thus,  let  A,  flg.  21,  be  air,  and 
Fig.  Bl. 

M'  — 


A 

/. 

__!^ 

G  ^aiB,  and  let  P I  be  a  ray 

the  Bur&oe  S  S,  which  lepvatM  the  air 

frnn  the  ^t.    Let  M  W  ba  the  pai^ 


. lenae  or  beKvrfhan 

^ats,  the  ray  P 1.  instead  of  pefiewriM 
m  the  direcfion  P  I,  wm  take  a  dindm 
further  from  the  perpendicubr  I  U'. 
such  as  1  P.  This  &ct  wat  lone  knowo. 
The  law  of  this  deflectioa,  as  dMeovend 
by  SneUiut,  hat  been  already  eX{dattMd; 
but  it  may  be  explained  uiukr  aiutbv 
point  of  view,  as  nillowa : — 

Round  the  point  c^  inoideaoe  1,  jU. 

22,  describe  a  circle  in  a  perpei^calar 

^.  2S. 


plane.  Let  PI  be  the  incident  ny  io 
tbe  denser  medium,  and  PI  the  re- 
fracted ray  in  the  rarer  medium,  Drw 
P  M,  P*  M'  perpendicular  to  tbe  nirftee 
S  8'.  It  was  found,  that  at  whatever 
angle  P I  might  be  mcident,  the  pnKiar- 
tion  of  M I  to  M'  I  would  be  the  tame, 
so  long  as  the  media  on  eadi  side  ot 
the  surface  remained  unaltered.  Thus, 
suppose  MI  were  two-thirda  of  M'l, 
r  I  being  incident  at  I,  ita  refraction  may 
be  thus  found:  take  a  diatanoe  Is^ 
from  \,  ot  vYoAv  \m  ittwo-IUrda.  or 
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take  in  pasiing  through  the  dem«r  me- 

Now  suppose  thftt  a  ny  F  i.JIg.  23, 
Fig.  23. 


half  of  I  m,  and  from  mf  draw  n^  f/    the  common  law  of  reflection.    It  fur- 

Grpendici^  to  I m' ;  the  line  I// will    tber  appears,  bv  what  haj  just  been  ei- 
the  direction  which  the  ray  p  I  will    plained,  that  this  degree  of  obliquity, 

which  limits  the  possibility  of  refraction, 

depends  on  the  degree  of  re&action 
which  the  ray  suffers  in  parsing  from 
the  one  medium  into  the  other,  and  that 
the  limiting  obliqmty  is  greater  where 
this  refractuin  ii  greater. 

Aware  of  this  property  of  refracting 
media,  Newton  perceivM,  that  if  the 
doctrine  of  unequal  refrangibility  were 
granted,  it  would  follow  that  the  luniliiig 
obliquity,  in  passing  from  a  denser  me- 
dium to  a  rarer,  would  vuy  with  the 
refrnngibility  of  the  light,  bemg  greats 
for  the  violet  and  more  refrangible  lights 

Mli,tm-tW.of  IS.  Hiiill,i.cw  W^    Thu>.i™iildMo«tli.ltho» 

in  oonlormil,  with  Ihe    ral,  jurt  a-  tght.  »lnch  h.d  .  jmler  .pMud.  for 

pliinrf, ».  ilk.  .  length  from  I  aqnJ  '«l»jhon.  .m  d,o  more  .uraptibl. 

to  IM,  together  mlh  the  hiJtotfM,  "'^''"""■jSjr^  T!?--   ^^  .T 

IhU  leigth  wi«  be  1 3',  md  S'  would  be  f"?'?^'? '"JT^  *'  '^^°'         " 

thepoS^tromwhiohth.  p.T«ndiool.r  tert  by  the  foltanng  ugemon.  a^. 

(mV,  seelutAr.)  sboidd  bedrawn  10  '"*"'•,„   ,    ,^  nA^- 

l,„tth.eiret,ffiei,oe,    Bnl  thi.  point  .."'■'"e  look  two  pn«u.BAOfc 

-!■  being  ilMlt  on  the  oiroumfr™.oeVlh.  M.  "ad  0  D  B.  of  the  «une  qn,btr  o( 


S'  xxmg  iti 
perpendicu 


Fig.  24. 


,.  ,._.__icular  (nt'i/)  altogether  disap' 
peara,  its  length  being  reduced  to  abso- 
lutely nothing;  and  the  point  (f/)  of 
the  circumference  to  which  the  ray  ii 
deflected,  would  be  the  point  8'  itself. 
Thus  the  Snellian  law  would  shew  that, 
in  this  case,  the  ray  incident  at  1  would 
not  pass  into  the  rarer  medium.  Ex- 
perience, however,  proved  that,  in  this 
case,  the  ray  P I  was  rt/lteted  according 
to  the  common  law  of  reflection,  in  the 
direction  I V,  making  the  angle  PIS 
equal  to  I  PS. 

If  the  inddent  ray  made  any  angle 
D I  m  Ins  than  F I M,  the  law  of  Snel- 
lius  likewise  became  inappUcable.  For, 
in  this  case,  in  I  being  mon  ttian  two- 
thirds  of  I S,  the  distance  from  I  taken 
upon  I  S  would  be  beyond  the  point  8, 
and  therefon  outside  the  circle,  so  that 
the  perpendicular  couki  never  meet  the 
circle ;  and  accordingly  the  refracted 
ray  could  have  nodirechon  conformable  glass,  having  the  angles  A  and  D  right, 
to  this  law.  In  all  such  cases  experi-  and  the  angfea  at  B  and  C,  in  each  45°, 
ment  shewed  that  the  rav  was  reflected,  and  placing  their  broadest  faces  B  C  to- 
In  this  illusfration  we  nave  supposed  gether,  tied  them  in  thisposilion,  so  as 
the  flxed  proportion  to  be  two-thirds,  to  form  a  square  prism.  Tnis  compound 
but  the  conclusion  mav  be  drawn  if  any  prism  was  placed  before  an  aperture  F, 
olher  proportion  be  adopted.  which  admitted  a  beam  F  M  of  the  sun'i 

It  ain>ears,  therefore,  that  in  passing  light,  so  as  to  fall  perpendicu lart;  on  the 
fromadenser  medium  into  a  rarer  there  face  AB  of  the  prism.  This  ray  was 
is  a  certain  d^ree  of  obliquity  l>eyond  incident  upon  the  thin  plate  of  a«  BG 
which  tlie  raj  cannot  t>e  refracted;  and,    between  the  ^snu,  viVac\v  -• 


nthe 


le  oontraiy,  will  be  reflecled  back    brought  into  «iao\«\e  cctAm*.   ■Vaa.v.wi 
the  deoMtr  mediam,  aooonliiig  la   Ibroogh  t^  veA  "So^  «t»nA  \in«&ii 


sn  A  POPULAR  Acoomrr 

emerged  frtm  the  sorhet  CD  jMnltal  eridtuted  on  P.  Tbui  tt  Mlowi  tbat 
toittiDoidenci;  fn-auiMthemnctiiiK  nolrt  light  is  totally  nftnibb  at  u  ob- 
anfilet  at  the  tMD  pritnu,  AGB  an4    liqiut]), which  i*  ir  "''  ' 


.BD,  are  turned  in  oppoMttdinotiou,  thaTtfraationofli^taofoOwrcokwa. 

and   are   equal,  thw  ncutraliaa   wob  Hm  prum  A  CD  B  wai  now  iloirif 

other's  eflboti,  and  Ine  light  amerpi  ti  toRifd  nund  a  litQe  nora  Id  tha  aute 

it  entered.  The  ray  H  O,  emer^iw  frooi  direction,  and  the  p9^«ta  obaoted.   Tba 

tlMCompoundpriin),wairep«*uupaa  screen p,  in  addttira  to  the  vioM  lights 

another  pritm  1 H  K,  and  waa  dUaled  ia  via  now  iUuminated  by  the  m<My>  i,  <rf 

the  fame  manner  ai  if  it  had  baen  re-  which  the  apactrant  on  P  w«t  obacned 


ceived  diraetJj  from  the  uarture  P,  aad  to  be  deprived.    Tbf  p^  of  tfw  indigo 

the  gpeotnun  waa  reouTed  in  tba  luual  light  on  p  wu  also  next  to  f,  but  fo  aa 

way  upon  the  toreen  at  P.  to  be  leak  refracted.    Onfaitmonnetha 

Another  priam   XVY  wat  p]aaad  toreen  between  the  priara  I H  K  and  the 

above  the  compound  ona^  in  Moh  a  poit  compound  priim,  it  was  foand  to  b« 

tion  as  to  rscein  a  nj  refleetsd  mm  illuminated  With  »  oolour,  which  would 

the  turface  B  O ;  and  abon  tt  a  pi^ar  reiuU  from  the  imztnra  of  all  the  eoloura 

screen,  placed  to  nceive  the  b^t  ra-  of  lb"  si)>:ctruiu,  i-hutpt  i-m/H  ami  iit- 

fractad  1^  it  mgo;  and  on  the  other  hand,  on  inle» 

Let  ui  auppoaa  tiiat  in  &e  podtim  PPViV  it  between  Ihe  prism  X  V  V  aqdi 

thus  giTen  to  all  tba  psismt,  a  vivid  laK,  it  was  ilium in&ted  with  a  colgitf 

spectrum  appaan  on  P,  and  no  qipear-  WlM>  would  be  produced  by  the  mif* 

aooe  of  light  i*  axhlbitad  on  p,    nw  tjtra  of  violet  End  indigo. 

compound  [dain  ia  nmr  dmri*  tnmad  tbf  inference  from  these  e^cls  if 

round  its  axis  in  the  direction  A  C  D  B, '-*-'  —'"-  "■-  ' —    '^- 

so  as  gradually  to  intra 

of  the  ray  PH  to  the «                     __  .        .,  _  „ 

a  certain  position,  a  atrong  violet  li^  FUtbe  limiting  obliquity  of  the  indi|p 

will    appear  upon  tl)e  streen  p  at  p,  li^t,    II  was  accordingly  reflected,  to- 

Mainlauung  tat  prtemi,  for  the  present,  Iplbar  wllh  the  more  reflesible  violet 

in  this  posiaon,  let  the  circumstances  of  light.    The  lights  of  ottier  colours  were 

the  experiment  be  examined.  The  violet  trantmitteJ,  and  prodiiciid  the  cflects 

part  of  the  spectrum  on  P  will  be  found  obtarvcd  on  ?,  and  between  IQ  K  un 

to  have  diaappeared.    If  a  screen  be  in-  ACDB. 

terposed  between  the  prism  I H  K,  aiul  His  OTooesa  was  eontinna^  tbq  priaai 

the  compound  prism,  it  will  be  found  ACDB  beiDg  slowly  and  gnaaallj 

.u_.  .!._  .:_L._    ;_L  *_ii ■._.„.  .         .,            ..   ■       -     -     .1.     — nJijjctioi^ 
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of  a  colour  which  would'result  from  the  The  lights,  blue,  green,  yellow,  onqga, 
mixture  of  all  the  colours  of  the  spec-  and  red,  siicoeasiv^  disappearad  froig| 
trum,  except  the  violet     If  a  screen  he    the  spectrum  on  P,  and  ft  tha  sanw 


the  compound  prism,  it  will  be  found  proper  puoea  on  p.    In  aa^h  OMS  Ilia 

that  the  light  which  falls  upon  it  is  the  colour  of  the  light  in  the  bpim  U  O  woa 

violet.    The  inference  is  most  ot>vioua.  such  aa  would  resist  turn  tba  rmytura 

The  incident  ray  F  M  has  obtained  the  of  the  colours  on  P,  Hid  the  eokmr  of 

limiting  obliq^iiity,  corresponding  to  the  the  light  M  N  was  suoli  as  woud  result 

most  refrangible  or  violet  light.    This  from  the  mixture  of  tba  i>o|nur«4n  p. 
ligM  is  accordingly  reQected  by  the  sur-       Ail   these    effects   ^re  obvious  aul 

face  B  C,  and  is  transmitted  through  the  beautiful  consequenoes,  and  theratiira 

prism  XVY  to  the  screen  p,  where  it  confirmationa  of  Newton'i  aoctrii»  Aa 

appean.    The  violet  light  not  passiiig  the  obliquity  of  tt^  incident  ray  F II  ts 

with  the  other  parts  of  the  sun-beani  the  aurfkce  B  C  is  gn^iully  iqareaasd, 

through  the  prisni  B  C  p,  has  disw-  i\  becomes  successiv^  equal  to  tha 

peared  from  the  spectrum  on  P,  whisD,  lipiituig  obliquities  dt  the  eeyer^  w 

therefore,  now  termiootei  with  the  in^  loured  jif^ta,  ai^  in  th*  aW)a>Kooa^ 

digo  ligU.    The  beam  M  O,  before  it  ia  sion  reflects  them  to  the  tereanp;  tbt 

dilated  oy  the  prism  I HK,  is  in  fiict  the  other  screen  P  beuig  in  the  aarae  oidar, 

sun-beam  F  H  dejaived  of  th«  violet  and  at  the  aiuqa  instanta  pt  time,  d*- 

lighl,  which  has  been  reflected  at  H,  privsd  oi  thni.   Thiia  il  appear*,  not 

and,  therefore,  it  ia  composed  of  all  thp  only  that  ti^iti  of  dimtaot  isai^im 

oa&nin  of  titespeolrumexae^viidat,  as  arp  diSaroiUF  rafraimbla.  I»it  alap  that 

«pem  ^  fto  qiepbftiR),  wtijab  ia  now  ^«n  iRi^Bd^^MliK^  wi^ 
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those  which  are  more  refrangible  are 
also  more  reflexible,  and  vios  V9nd« 

Craptbb  III, 

Of  the  Methods  of  obtaining  Homoge- 
neoue  Light. 

(33.)  By  the  results  of  the  experimental 
investi^tions  described  in  the  last  chap- 
ter, Newton  was  convinced  that  solar 
li^ht  was  not  simple  and  homogeneous, 
but  was  a  mixture  or  composition  of 
many  lights,  differing  from  each  other 
in  certain  respects,  but  more  particularly 
in  rqfrani(imity.  This  quality  he  adopt- 
ed as  a  test  for  pure  unmixed  or  homo- 
geneous light.  A  beam,  every  ray  of 
which  was  equally  refran^ble,  and 
which,  therefore,  did  not  admit  of  being 
dilated  by  a  prism,  he  considered  to  be 
pure  homogeneous  light  Although  the 
parts  into  which  the  solar  beam  was  de- 
composed were  shewn,  by  the  experi- 
ment descrit)ed  in  p.  17,  to  be  inoar 
pable  of  further  fulatation ;  jret  this 
method  did  not  give  ail  the  punty  to  the 
light  which  philosophical  exactitude  de- 
manded, for  the  reasons  which  we  shall 
now  explain. 

It  will  be  recollected  that  the  apertura 
in  the  window-shutter  (p.  14)  casts  a 
circular  illuminated  spot  on  the  opposite 
walli  the  diameter  of  which  is  equal  to 
the  diameter  of  the  hole,  together  with  a 
line,  which  being  drawn  upon  the  wall 
would  subtend  at  the  hole  an  angle 
equal  to  the  apparent  diameter  of  the 
sun.  But  this  circular  spot  is  not  uni- 
formly bright.  It  is  more  faintly  illu- 
minated at  its  ed^s  than  at  its  centre, 
the  cause  of  which  will  be  easily  under* 
stood.    Let  O  0',  fig.  25,  be  the  hole  in 

Fig.  23. 


the  window  shutter ;  S  S'  the  sun's  dia- 
meter. A  ray  of  light  from  S',  passing 
the  upper  boundary  O  of  the  hole,  falls 
upon  a  screen  at  P ;  and  a  ray  from  S, 
passing  the  loww  edge  O'  of  the  hole, 
falls  u(X)n  the  screen  at  P.  Now,  it  it 
apparent  that  no  pait  of  the  sun*!  diie^ 
except  the  lowest  paint  W,  can  fhiiit 


upon  P,  the  upper  part  of  the  window 
shutter  intercepting  the  light  from  all  the 
other  points;  and  that  no  part  of  his 
disc,  except  the  point  S,  can  shine  upon 
F,  the  lower  part  of  the  window  shutter 
intercepting  the  light.  Hence  it  appears 
that  the  points  P  P',  and  the  entire  of 
the  edge  of  the  illuminated  circle  on  the 
screen,  will  be  more  faintly  illuminated 
than  any  of  the  parts  nearer  to  its  centra. 

The  ray  from  Bypassing  above  the 
lower  edge  of  the  hole  at  O'  will  illumi- 
nate L,  and  thus  the  point  L  will  be 
exposed  to  light  from  the  entire  dise 
of  the  sun.  The  same  may  be  said 
of  U,  and  of  all  intermediate  points. 
The  several  points  from  L  to  P' 
will  be  exposed  to  light  from  only  % 
part  of  the  sun's  disc,  that  part  bein|; 
smaller  the  more  distant  the  point  is 
from  L,  so  that  the  light  becomes  gra<- 
dually  more  faint  from  L  to  F.  The 
same  may  be  said  of  the  light  from  V 
to  P.  From  this  it  appears  that  the 
circular  illuminated  spot  on  the  screen 
is  composed  of  a  small  circle  whose 
diameter  is  L  U,  uniformly  illuminated, 
surrounded  to  the  distance  LP'  by  a 
ring  of  light  of  gradually  decreasing 
brightness,  and  famng  away  until  it  be- 
comes insensible,  Tliis  ring  is  called 
theiMfitim^ra*. 

Now  since  the  effect  of  the  prism,  as 
has  been  already  proved,  is  to  stretch 
out  this  luminous  circle  into  an  oblonfi" 
form,  the  breadth  being  the  same,  and 
the  sides  and  ends  l^ing  illuminated 
b^  the  rays  which  form  the  penumbral 
ring  surrounding  the  unrefracted  circle, 
it  follows  that  the  sides  and  ends  of  the 
spectrum  will  be  bounded  by  a  penum- 
bral  skirt  of  the  breadth  of  P  U  ;  and 
such,  in  fact,  was  the  result  of  the  ex- 
periments. 

In  the  experiments  which  Newton 
now  desired  to  institute,  it  was  necessary 
that  the  light  should  be  obtained  of  as 
uniform  an  intensity  as  possible,  and 
therefore  it  was  necessary  to  remove  or 
very  much  diminish  the  penumbral  fringe 
which  we  have  just  described.  But 
it  was  stiU  more  necessary  that  light 
should  be  obtained  which  was  perfectly 
pure  and  homogeneous,  and  it  so  hap- 
pened that  the  same  cause  which  pro- 
duced the  fringe  and  varied  the  intensity 
of  the  light,  also  impaired  its  purity. 

•  Tbe  bole  majr  be  m  tmall,  Ibat  its  appareal  <!!• 
•meter  at  the  tcrren  will  be  \n»  than  ifia*  of  li>*  M«. 
Ja  tbit  cMe  the  part  of  the  fifore  L  L'  friU  diMppcar. 
aod  tbt  wbole  spot  am  the  tCTcen  «\VV  Wt«  \\«^V%r 
nKtat  of  p«iBMdiii%,  ttA  MBiU«>M^  ^3b%  «m\  VnM(> 
WtSisiM. 


« 
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This  win  be  undent  ood  by  attendini;  to 
the  effect!  of  the  prism  on  &e  arculu 

Let  S,  fig-  2^>  ^  ^'  cinnilir  illami- 
nated  spot  eut  upon  the  Kraen 
by  the  light  proceedinKdiredlr  Fig-  2G. 
'from  the  tpotnre  nitnout  be-  y* — n. 
ine  intercAited  bv  the  priim.  (    k    1 
Let  S  A  be  the  diitwee  on  the  KtJ 
■CRen  to  nhioh  Ibe  leutre- 
fran^ble  n^  m    dall«cted. 
Tbese  rvji,  which  before  fell 
upon  the  circle  S,  will  now 
fUl  upon  the  circle  A.     Let 
S  Z  be  the  distance  on   the/      \ 
screen  to  which  the  most  i^  C  ^  y 
frmngible  of  the  r^ji  ioddent  y—i^ 
on  8   are    deflected    b;    tbe  A    ^ 
prism.    Hiese  rurs,  which  be-  \.-^  J 
fore  fell  upon  tne  circle   8,  ^ — ^ 
now  fiUl  upon  the  circle  Z. 
Hie  riLfs  of  all  the  inleme- 
(£ate  degrees  of  refrangibility 
are  ddleeted   bjr  the   prism, 
18  to  fall  upon  drde*  whose  / 


of  nfrau^lxlitj  iriiieh  woold  aunt  np 
to  be'Mbetad'  to  fiMSBptttirii.  an-am 

intennediale  degrei^s.  in  virtue  of  nhicn 


lold  be  dyflecled  upon 
rable  circles,  whose  cenlres  lie  between 
C  and  A.  It  follows,  therefore,  that  all 
these  lights  of  ioterniediate  refrangtbi- 
lities  are  intermixed  with  lights  upon 
tlie  circles  A  and  C.  neither  of  which, 
therefore,  shine  with  pure  tiomogeneoos 
light.  Since  the  lights  of  different  re- 
frangvbilities  which  are  thus  intermingled 
are  diffused  over  circles  whose  coitres 
occupy  the  space  A  C,  the  number  of 
such  circles  must  t>e  proportional  la 
the  space  A  C,  or  to  Uie  bn^th  of  tba 
illuminated  circles,  increaau^  andfr' 
minishing  as  that  brendth  is  mcieaMi 
or  diminished.  In  this  proportion,  tbeB, 
lights  of  difTereot  refraoeibihlies  an 
mixed  in  the  spectrum ;  and,  Iherefon, 
every  means  which  can  diminish  Um 
ireadth  of  the  spectrum  will  proper- 
lionally  increase  the  purity  of  ttie  light&r 


The  first  method  which  occurred  (91 
Newton  to  accomplish  this,  and,  at  tfac.l 
same  time,  to  remove  the  peoumbr*!^ 
fringe  already  menliooed,  was  to  p»-  ■ 
forate  the  screen  in  the  space  L  L'  (J(F-  ! 
25).  and  lo  receive  the  light  trant^! 
milled  tlirongli  Ihe  perforation  oa  a ' 
Mv<:m\  sciVL'ii  I.diJml  \\v:  llr^t.      Ry  this 

■i   be 


ose,^^ 
centres  occupy  the  entire  space  [   s     ) 

from  A  to  Z,    From  A  take  \ y 

a  distance  A  C,  eqnal  to 
twice  the  radius  of  me  circle  A>  Or, 
what  is  the  same,  to  the  breadth  of  the 
plectrum.  A  circle  described  round  the 
centre  C.  vrith  a  diameter  equal  to  A  C, 
will  evidently  touch  the  circle  A,  but 

neither  circle  will  be  within  or  upon  the  recetred  upon  the  first  sctmd  at  L'  P, 
other.  It  is  evident,  however,  that  every  LP,andtheumfonnli^toILL^wa(iId 
circle  of  the  same  diameter,  whose  cen-  be  admitted  to  the  second  buumi  tbraoRh 
treliesbetweenA  endC.must  liepsitly  the  perforation.  In  this  case,  tbebnafih 
upon  the  circle  A,  and  partly  upon  the  of  tne  illuminated  cirde  oa  ttw  nanai 
circle  C.  Hence  it  is  evident,  that  Ute  screen,  and  therefore  that  of  tba  ^ce- 
rays  which,  defieded  from  8,  illuminate  tnim.  would  be  neariy  eqnal  to  that  of 
the  circle  A,  and  those  which  illuminate  the  perforation.  In  proportion  u  til* 
the  circle  C,  are  not  intermixed.  But  breuth  of  the  spectrum  would  be  thai 
between  the  points  C  and  A  is  a  consi-  reduced,  the  intermixture  of  bntoega- 
dcrable  spac^  and  between  the  degrees  neoua  lights  would  be  di  '  '"-"  -  *  - 
Fig.il. 


we  bare  just  explained,  the  pennmbral  ing  method.    At  a  distance  of  tn  ot 

light  would  be  altogether  intercepted.  twelve  feet  from  the  hole  O,  fig.  %i,  U 

He,  however,  accompbshed  what  he  placed  a  lens  L,  which  fonoad  an  imigt 

d/amfxt more e^otiuUy  by  Owftdlow'  ot  \lKbite  ■tQ'.  U  the  katmnN 
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placed  that  O  L  and  O'  L  should  be 
equal,  which  was  always  possible,  the 
magnitude  of  the  image  O'  would  be 
exactly  equal  to  that  of  the  hole.  This 
image  was  therefore  considerably  less 
than  the  illuminated  circle  cast  on 
the  wall  or  screen  without  the  inter- 
position of  the  lens*  A  prism  A  B  C» 
placed  behind  the  lens,  deflected  the 
rays  emerging  from  it,  and  formed 
the  oblong  spectrum  RV,  the  breadth 
of  which  was  equal  to  CV,  and  which 
was  free  frx>m  any  penumbra.  The 
lenf^th  of  the  spectrum  in  these  expe- 
riments is  never  changed.  In  the  nre- 
sent  experiment  he  succeeded  in  reauc- 
ing  the  breadth  to  about  one- sixtieth  of 
the  length;  and  therefore  diminished 
the  mixture  of  heterogeneous  lights  in 
any  part  of  it  proportionally.  Although 
it  was  impossible  by  this  method,  or 
perhaps  by  any  other,  to  obtain  a  beam 
of  absolutely  homogeneous  light,  yet 
what  was  thus  obtained  was  stdBciently 
simple  and  homogeneous  for  all  the 
purposes  of  experiment. 

Some  other  ingenious  expedients  were 
resorted  to  for  the  simplification  of  light. 
The  diminished  breadth  of  the  spectrum, 
while  it  gave  a  purified  homogeneous 
light,  gave  a  very  small  quantity  of  it. 
To  obtain  it  in  greyer  abundalnce,  it 
occurred  to  Newton  to  form  a  great 
number  of  small  holes  in  the  shutter,  in 
the  same  horizontal  row,  so  as  to  obtain 
several  of  these  spectra  placed  parallel 
to  each  other,  and  thus  form  one  broad 
one,  in  which  the  lights  should  be  as 
homogeneous  as  in  a  single  one  of  small 
breadth.  Or  what  was  equivalent,  and 
still  more  effectual,  instead  of  a  row  of 
holes,  he  formed  one  narrow  slit  in  the 
shutter  extending  in  an  horizontal  direc- 
tion, so  as  to  admit  a  thin  sheet  of  li^ht. 
By  this  means  a  spectrum  of  any  reouired 
breadth  may  be  formed,  in  which  the 
light  is  as  pure  and  homogeneous  as  in 
a  spectrum  formed  by  light  admitted  at 
a  round  hole,  whose  diameter  is  equal  to 
the  breadth  of  the  slit. 

Newton  suj^gests  another  veiy  ingeni- 
ous means  ofobtaining  a  spectrum,  in 
which  lights  would  be  supplied  of  dif- 
ferent degrees  of  purity  and  intensity. 
Let  a  narrow  triang[ular  hole  be  cut  m 
the  shutter  in  an  horizontal  direction,  as 
fig,  28,  Oo.  The  sunbeam  admitted 
through  this  hole  will  have  an  edge  like 
a  knife.  The  broadest  part  O  of  the  ray 
will  form  a  spectrum  KV,  in  which  the 
intermixture  will  be  in  proportion  to  the 
ba^e  O  of  the  triuwle;  bnt  m  tbo  imj 


diminishes  in  breadth  towards  o,  the  cor- 
respondingparts  of  the  spectrum,  towards 


R  V,  are  increased  in  the  purify  of  the 
light,  heterogeneous  rays  being  less  in- 
termixed as  the  breadth  of  the  triande 
is  diminished,  as  is  evident  from  the 
figure.  Having  a  spectrum  of  this  kind, 
experiments  may  be  tried  either  in  its 
Btroncer,  though  less  simple  light,  on  the 
side  RV,  or  m  the  weaker  and  more 
simple  light  on  the  skle  r  v,  as  may  seem 
more  smtable  to  the  objects  of  the  in- 
vestigation. 

In  all  experiments  on  homogeneous 
light,  Newton  states  that  he  found  it 
necessary  to  use  great  precaution  in  order 
to  be  secure  of  success.  The  chamber 
should  be  carefully  darkened  to  avoid  the 
distmrbance  arising  from  rays  of  white 
light  scattered  casually  about  The  glass, 
both  of  the  prisms  and  lens,  shomd  be 
free  from  vems,  stris,  air  bubbles,  and 
other  inequalities.  He  found  it  so  dif- 
ficult to  procure  good  prisms,  that  he 
frequently  used  transparent  liquids  in- 
dosed  in  hollow  prisms,  formed  of  pieces 
of  plate  glass  fixed  together  at  proper 
angles. 

With  light  simplified  by  the  methods 
we  have  now  explained,  he  tried  the 
experiment  explained  in  (26),  and 
found  that  a  pure  homogeneous  ray  ad- 
mitted of  no  dilatation  by  the  prism,  and 
therefore  concluded  that  the  light  of 
which  it  was  composed  was  all  eoually 
refrangible.  With  a  view  of  establish- 
ing the  same  principle,  he  took  two  small 
circular  pieces  of  wfiite  paper,  and  illumi- 
nated one  with  lieht  diiedfcom^^  tsoxv^ 
and  the  other  ^i^  Yv^mNnB^^^^  "^^ 


A  FOFUUB  Aoooinra 


dilMWfaMd  wai  M  Mlom 


.w  found  that  the  whitacirclawM 
into  an  oblong;  Bpecbiim ;  bnt  that  the 
other  still  appeftred  ai  perfeelljr  circular 
as  when  viewed  without  the  intervention 
of  the  prism.  He  now  placed  minute 
objectH  in  the  homogenaoui  light,  and 
viewing  than  through  the  prinn,  found 
them  diatinct ;  but  viben  Ifae  saine  olqeeli 
in  the  sun's  direct  unre&acted  beam  were 
aindUrlf  viewed,  they  became  confuted 
and  indistinct. 

Chaptzb  IV. 

Lav  of  reficetiono/homiweneoUM  light  f"?},?'?, 

(34.)  Nbwton  having  now  eucceeled  m  flections  of  the  red  and  violet  rays,  and 

establishing  the  unequal reftwiwbility  of  ij^ea  parallel  to  these,  as  GO*.  m?asun 

the  rays  which  compose  eolar  iJi^t,  hii  (he  deflection  of  tlie  inlermediate  m». 

nut  step  wM  to  determine  the  law  bv  proni  the  proportion  of  these  lines,  tut 

whieheachspeBieaofllgfatwurefMctea.  of  the  sinea  of  the  refractions  of  tl|f 

It  WM  about  the  rear  IflBS,  bejng  ttun  severs!  kinds  of  rays  was  determined  W 

iQhis8Sthvetr,tnBt  beappeuatohave  mathemalicitl  reasoning.      The  prin 

(K>mmeneedlusinveiligatwiuremelin|r  placed  at  right  angles  lathe  firtlwH 

thecomporitionofli^ti  ■ndonUiaSlB  now  removed,  and  another  with  a  d£ 

of  ^bruarf,  lS7t,beoommunieatedbli  ferent  refracting  angle  was  substiluM 

discovery  to  the  Rpfa)  Society,  of  which  for  it,  which  removed  the  spectrum  || 

hehadjustbeendedadaFeUow,  About  the  position  K"V".    The  proportioa«| 

fifty  years  prior  to  thia  period.  SneUhu  the  sbes  of  the  refractions  wai  nM 

discovered  the  (jw  o/ rgfrneffoii,  which  deduced  from  measurement  and  -"— 

being  afterwards  adopted  by  Dncarte*.  pulation  as  before,  and  was  found 

was  well  known,  and  eeoenllr  reodved  unaltered,    A  third  prism,  with 

at*  the  period  to  whiiA  we  now  allude,  ferent  refracting  angle,  w 

The  philosophers  who  observed  this  law  the  same  result.    'Diiu  K 

werenot  aware  that  all  the  rays  of  light  the  sine  of  rehtietionof  ea 

were  not  equally  refrangible ;  and  New-  a  fixed  pi-opurliun  to  liial  of 

ton  concluded  that  they  adapted  their  ligiit,  while  tUe  sine  of  rel'raci 

measures  to  the  mean  rayB,  or  those  greenli^htbearsafixedproportii 

which  lie  in  the  middle  of  the  spectrum,  sine  of  incidence,  by  the  law  of  Snelliui] 

andwhichthereforehaveanintermedial«  from  whence  it  foUowslhat  ineachkiM 

refrangilrility  between  those  of  the  red  of  light  the  sine  of  the  angle  of  refraBlial 

and  violet,  the  leastandmostrefrangible  bears  a  fixed  proportion  to  that  of  tltf 

,  rays.    Hence  he  concludes  fl*om  the  angle  of  inoidence,  but  that  this  propor    ' 

experiments  of  his  predeeeisors,  that  tion  19  different  in  light  of  different  kiiidl. 
the  green  light  of  the  prismatie  g)ec-        Newton  gives  an  iQveatig»tioa,  bf 

trum  is  refracted  according  lo  the  Siul-  vhich  he  shows  that  this  law  of  refrapi 

lian  law.  tion  may  be  deduced  independently  at 

Newton  showed,  by  the  axperiment  experiment,  by  malhemalicol  rea»ini(|fb 

which  we  shall  now  describe,  that  wheq  from  the  supposition  that  bodies  remiS 

the  sun's  rays  were  all  incident  on  the  lightby  acting  upon  ila  rays  in  ^rectiM* 

prism  at  the  same  angle,  the  sines  of  the  at  riiflit  angles  to  tlieir  surfaces.    Wf! 

refractions  of  the  several  component  raf>  shall  not  give  here  the  details  of  this  il|> 

always  have  to  each  other  the  laipe  pro-  vesligation,  which  also  furnishes  an  eir 

portion.   It  follows,  therefore,  that  they  planation  of  the  tact  we  have  alreaqf. 

must  always  have  the  same  praportigna  staled,  namely,  the  total  reflection  of  tha 

to  theuneafthaandeorinddenc^ftir  light  at  the  limiting  oblinuities.     It  i% 

since  the  green  rav  «»;■  ^  l^v^i  W  however,  in  the  I'rincipia  that  thia  Iktla 

they  all  bxre  Sxtf  pronqitiona  «iUv  (•?  Goaaeouence  is  deduced  from  it, 
*pKt  to  it,  titey  mitfll  U  obtf  &  'AnxUxi        (.3^0  nB.'<u%  &R\ieniu3M!A.  ^ba  ^roQare 
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ne  of  itMntaiM  aad  r«fra0<  nmndcnhk  dUtutw  ue  t«t  tmalL  t]» 
nd,  gnm,  ud  rioM,  md-  i^i  being  eridmUr  Toy  neuly  perpm- 
"  "  '-'--i.ldbe    dkoUr  to  tha  BKfaM  of  the  glMi.    By 

a  Md  knotni  prineipk  of  DAtfaematiei, 


.ine. :  Sin.n(.ii  rr   r  60  (be  miim  of  verf  null  aodet  b.  „  „„ 

■  inc.  t  Sin.-id  : :  fTJ  i  tO  ■■i—  pwipnitinn — t>>n mgftiThenneWM • 

.iDc;Sii).i«C::7B    -.id  and, Uwrefore, in  the  cue  to  which  we 

^  to  innatlgate  the  efitet  now  eUude,  the  ni^  of  incidence  tri]] 

difiereaee  in  the  proportion  be  to  then  of  refrution  aa  the  above 

itbeunagec^oblcctafonned  nondxn.aiul  the  davittions- of  the  nn 

M^ylmaaea of  rv^aptiiig  td»-  aburt matioBedwUlbeu(hedifirea(wa 

Then  the  cnryature  of  the  of  (Maa  mgiben.    iW  ia  to  aar.  the 

ia  Dcft  great,  comparml  with  deriationB  nf  the  rwf.  «rwN,  uid  violet 

;  the  aq^ea  of  mpidence  of  will  be  aa  27, 37i,  and  28. 

sding  troni  s  point  &t  ai^  Let  L  be  a  Imm  DvanM  to  a  dit- 


fti]pi  which  die  n^  m^  were  formed,  of  which,  as  well  as  of  his 

^  jpaiTaUeL     Let  V  be  the  efforts  to  avoid  orremove  Ihcm.  hegivea 

(s  the  vwle^  orSKMt  ref^an-  a  very  delailed  and  interesting  account. 

«  ooOeetal ;  and  R  the  point  He  also  found  considerable  diffiuully  in 

t  ra^,  or  Irait  refrangible  nt^  determining  the  exact  foci  of  the  lights 

\ ;  and  U  G  be  the  focna  of  of  blueish  character  al  the  upper  end  of 

vrgrten  nja.  The  placet  the  spectrum,  owing  to  their  extreme 
<,V,Q,R,  may  be  determined  fainlness.  On  the  whole,  however,  he 
ai  reaaonins,  if  the  jiropor-  succeeded  in  satisfying  himself  that  tho 
dneaof  incioeaceana  reino-  foci  of  ttie  rnys  of  ditl^rent  colimrs  were 
«  given,  and  the  cunatutt  of  at  those  j>oint.s  lowhiuli  the  cominitalion 
known,  llie  reault  is,  that  if  made  pn  their  auppoied  unequal  re- 
dance,  L  a,  be  divided  into  frangitnlity  auigned  them.  That  it  ap- 
rts,  the  qtace  V  R  ia  equal  to  peared  that  the  ot^ect  glasa  of  a  refracl- 
!  parts.  ing  telescope  fonqed  as  man;  distinct 
■o  Iw  proved  that  if  O  be  a  images  of  ia  object  placed  before  it,  aa 

and  V,  a.  R,  the  foci  of  the  there  are  lights  of  ^ifibient  degrees  of 

N  and  red  light  from  it,  and  refrangibility :    that  these   im^es  dlf- 

riee  the  distance  L  Q  be  di-  fered  in  colour,  the  blueish  ones  beins 

i  equal  parti,  V  R  will  have  nearest  to  thp  ot^ecl  ^{ais,  and  the  red- 

pnpoition  to  one  of  thoae  dish  nio)t  ren)ote  ^m  it,  and  that  be- 

a  has  to  O  L.  tween  these  were  included  images  of  a 

otnerved  that  the  violet  rays  f[reenish  and  veUowish  hue ;  that  these 

tm  V  meet  the  red  rays  con-  imAges  extended  over  a  space  alonr  the 

ards  R  at  aeerlain  point  be-  axis  of  the  telescope,  equal  to  about 

IR,  and  thatat  this  distance  2-jSthsof  the  fboal  length  of  that  glass ; 

which  are  refracted  by  the  and  that  the  sroallett  space  into  which 

leded  into  the  smallest  pos-  the  innumerable  images  of  the  same 

The  diameter  of  this  circle  point  in  the  object  can  be  collected  on  a 

Oted  when  the  incident  nws  plane  at  right  anriei  to  tiie  axis  of  the 

,  was  found  to  be  about  toe  telesctnte,  is  a  circle,  whose  diameter 

'thediameter  of  thelens.  amounts  to  about  a  SSth  part  of  the 

eri^theseinferences.Newton  diameter  of  the  object  ^ass.    "  So  that 

BB  theexperiment  described  it  la  a  wonder,"  says  Newton,  "  tl 


. experiment  described  it  ia  a  wonder,"  says  I 

t  adopted  the  method  men-  teleacopea  represent  objects  so  diitinet 

^  14,  of  rendoing  the  prii-  as  they  do.    But  were'  all  the  ra^a  of 

>ua.    Intheoourae  ti^equalljrrefran^ble,  the  error ariaiDg 

I   be   encountend  ooljr  from  the  sphencalness  of  the  figures 

iltiea  atising  from  of  glaaaea  would  be  many  hundred  l)nna 

■Lsq^  aav^na,aii  bid>Un,  lew."  i 

^mm  ai  liOA  iig  piimBM      IbaeflbotnlMipbMtealibaEtfiiiA, 
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and  its  cause,  have  been  already  in^-  ^""^.^.JS^  rf  ^ 

catedindl.)    Let  LU.;?ff.  3l.i)e  the  •P**^"*^  '^^^SniriMS 

section  of  a  plano-convex  object-gliiss  lenj.    (radius  being  ISOO 

made  by  a  plane  passing  through  lU  inches)   .    . .  .    .    .    .    •     *«««•«• 

axis,  and  let  parallel  ray?  of  pure  ho-  Squareo  the  tine  (9)  of  »• 

mogeneous  light  be  suppowd  to  fall  on       frtchon 


Ftg.3\.  Thdrproduck    .    .    g7600W 

Squaz«  of  half  the  breadth  of  the 
lens,  (the  breadth  being  4)    .    •     4 

Square  of  the  sine  (3)  of  the  ang^ 
of  incidence '•     ' 

the  plane  side,  perpendicular  to  the  sur.  Theirproduet    ....   36 

face.    If  the  surface  of  the  lens  be  coor  jf^  proportion  of  these  produeti  is 

ceived  to  be  divided  into  a  number  of  ^g^  ^f  1 60,000  to  1 ;  and  ladi  is  thi 

concentrical  rinn.  as  described  in  (11),  proportion  of  half  the  breadtti  of  the 

the  foci  of  each  ring  will  be  more  distant  \^^  ^|\  ^^  two  inches)  to  the  aberratioa, 

from  the  lens,  the  nearer  the  ring  is  to  ^y^l^  jg,  therefore,  the  160,000*  psit 

the  edge  of  the  lens.    Let /"be  the  focus  ^^f  ^q  inches,  or  the  SO.OOO*  part  of 

of  the  marginal  ring,  and  F  that  of  the  n^  inch. 

central  rays.    The  foci  of  all  the  inter-       ji^e  diameter  of  the  lateral  ebcrratioo 

mediate  nnes  will  lie  between  F  and  /.  arinng  from  unequal  zefranphifily  of 

The  rays  diverging  from  all  the  foci  li^t,  would,  in  the  case  of  the  ku  just 

between  /  and  F  are  collected  m  a  described,  be  the  fifty-fifth  pait  of  fiBV 

circle  having  the  line  A  A'  for  its  disr  [nches,  or  four  fifhr-fithe  of  an  meh. 

meter,  and  &is  is  evidently  the  smallest  •x^q  lateral  aberrabon  ptodueed  bv  the 

space  within  which  all  these  rays  are  spherical  form  of  the  lena  haa,  maee- 

collected.    The  diameter  of  this  circle,  f^^^^  to  that  produced  by  the  mnqasl 

therefore,  measures  the  lateral  aberra-  refrangibUity  of  light,  so  aniiJi  a  ffeo- 

tion  which  parallel  rays  would  sustain  portion  as  1  to  5800.* 
from  the  sphericitv  of  the  lens;   and       jt    follows,  therefore,  that  the   iah 

Newton  calculated  this,  in  order   to  perfection  of  telescopes,  whidi  anHS 

compare  the  imperfection  of  telescopes,  ^^  the  spherical  form  of  knaeit  bene 

arising  from  this  cause,  with  that  im-  j^  exceedingly  small  proportion  to  fiut 

perfection  which  arises  fW)m  the  un-  ^/^hich  is  caused  by  the  unequal  lebaa 

equal  refrangibility  of  light.  gibility  of  light.    But  even  tbe  small  cr- 

By  geometrical  reasoning,  the  details  ^q^  arising  from  the  spherical  fbnn  n^f 

of  which  we  cannot  properly  introduce  \^  almost  removed,  as  NewtoD  aoggesb^ 

here,  it  is  proved  that  the  square  of  the  hy  a  compound  object-glass,  Ibnned  bf 

radius  of  the  spherical  surface  of  the  two  glass  lenses  with  water  tietweenttaL 

lens,  multiplied  by  the  square  of  the  So  that  thus  all  the  labours  of  Desoartei, 

sine  of  refraction,  has  to  the  souare  of  and  others  who  devoted  themselves  ts 

half  the  breadth  of  the  lens  L  V  mul-  the  formation  of  spheroidal  lenses 

tiplied  by  the  square  of  the  sine  of  the  fruitless,  since  even  had  they 


angle  of  incidence  the  same  proportion  in  producing  lenses  absolutdy  free  ftm. 

as  half  that  breadth  bears  to  the  aberra-  spherical  aberration,  the  efEbet  woiddaot 

tion  A  A'.  have  been  perceptible. 

Newton  then  proceeds  to  show  that  if  (37.)  Reasoning  thus,  Newton  did  Ml 

the  object-glass  were  a  plano-convex  hesitate  to  pronounce  the  improvmatt 

lens,  havincT  its  plane  side  turned  to-  of  re fracting  telescopes  detperaie^  ^  cat' 

wards  the  object,  having  the  radius  of  elusion  which  forms  a   '  "  ' 


its  con  vex  surface  100  feet  or  1200  inches,  to  Uie  almost  superhmnaa  sanci^ 
and  the  diameter  of  the  lens  four  inches,  which  characterised  dl  the  philos^ueu 
the  diameter  of  the  smallest  circle  into    researches  of  this  extraordinary  msa. 


which  equally  refrangible  rays  would  be  What  renders  this  error  the  more  woa* 
collected,  would  be  about  g^U^th  of  an  dertul,  is  that  the  pmjpaty  of  li^t 
inch.    The  calculation  is  as  follows,  the 


proportion  of  the  sine  of  incidence  to      •thitproportkm  iieakiaated  wlik  nfmsMti 

'-     ■^ ...         (li«  grain  or  meM  njt,    lU  lMW«?«r,  it  ba  tikit 


that  of  re6action  being  supposed  to  be    '^^i^'^^^T!^  JK  in^'iZ*,Si£« "S 
9  to  2,  »9<ii«[t««n«AVk^MHk,\fc'«vaL«).iW«iitoi|i^ 


'  OF  NEWTON'S  OPTICS.  29 

lich  the  perfection  of  refracting  trumVR,  from  its  original  dii*ection  B*, 
)pes  has  since  been  found  to  de-  would  be  ec^ual  to  the  deviation  of  the 
seems  to  have  pressed  itself  for-  similar  ray  m  the  spectrum  V  R'  from 
and  even  to  have  courted  his  at-  its  original  direction  B'  ^.  Such  is  not 
1  in  the  very  experiments  from  the  fact,  and  it  is  fdmost  inconceivable 
he  deduced  his  erroneous  conclu-  how  Newton,  who  had  avowedly  ex- 
(Eig.  32.)  Let  ABC,  A'B'C  amined  the  spectra  produced,  not  only 
'^'  by  prisms  of  different  kinds  of  glass,  but 

also  by  liquids  contained  in  hollow  glass 
prisms,  could  have  escaped  noticing  a 
fact  that  would  at  once  have  led  him  to 
the  discovery  of  achromatic  telescopes. 

In  fact  the  prisms  being  circumstanced 
as  we  have  just  described,  so  as  to  pro- 
duce equal  deflections  of  the  sunbeam 
from  its  original  direction,  the  dilatation 
or  dispersion  of  the  rays  from  each  other, 
and  which  jnay  be  measured  by  the  di- 
vergence V  B  ft,  V  B'  R'  of  the  extreme 
rays,  will  be  different  according  to  the 
material  of  which  the  prism  is  composed. 
Newton,  on  the  other  hand,  concluded 
that  when  the  deflection  of  the  sun*s 
'"'*•-. ,,^  ^       beam  by  different  prisms  was  the  same, 

the  dispersion  would  also  be  the  same. 
>  prisms,  formed  of  different  trans-  Had  he  thought  of  measuring  the  lengths 
i  substances.  Let  SB,  S' B'  be  of  spectra  produced  by  different  prisms, 
f  the  sun  falling  on  them  in  pa-  equally  deflecting  the  light,  he  could  not 
directions.  Let  B  V,  WY'  be  the  have  foiled  to  have  found  them  different, 
refracted  or  violet  Ught  in  each,  and  would  have  naturally  been  led  to  the 
R,  B'R'  the  least  refracted  or  red  discovexy  of  achromatic  telescopes,  as 
The  deviation  of  the  rays  from  we  shall  now  expkin. 
original  direction,  product  by  the  Since  prisms  of  different  materipls* 
ion  of  the  prisms,  will  be  different  with  an  equal  deflection  of  the  beam, 
±  component  part  of  the  incident  produce  spectra  of  different  lengths,  and 
Newton  supposed  that  the  de-  since  also  the  length  of  a  spectrum  va- 
is  of  the  different  coloured  lights  nes  with  the  position  of  the  prism,  or, 
he  common  direction  when  inci-  what  is  the  same,  with  the  deflection  of 
have  to  each  other  a  certain  fixed  the  light,  it  follows  that  if  two  prisms  of 
rtion ;  so  that  with  the  same  aver-  different  materials  be  exposed  to  beams 
^fraction  or  deviation  from  their  of  the  sun*s  light,  one  of  them  may  be 
on  original  direction,  they  woidd  turned  until  such  a  position  be  given  to 
ited  or  separated  from  each  other  it,  that  the  length  of  the  spectrum  pro- 
same  degree.  This  may  perhaps  duced  by  it  shall  be  equal  to  the  len&;th 
)re  easily  comprehended  if  thus  of  the  spectrum  produced  by  the  other 
aed.    Let  A  B C,  A'B'  C  be  two    prism. 

I  of  different  materials,  receiving  In  this  case  the  deflection  of  the  beam 
d  rays  S  B,  8'  W,  of  solar  light  by  the  two  prisms  producing  equal 
e  lines  B  M,  B'  M'  divide  the  an-  spectra  must  be  different,  for  if  not,  as 
B  R,  V  B'R\  formed  by  the  ex-  we  have  before  stated,  the  spectra  would 
red  and  violet  rays  into  equal  parts,  have  different  lengths.  If  one  of  the 
that  V  B  M  shall  be  equal  to  prisms  be  inverted  with  respect  to  the 
,  and  also  Y'  W  M'  to  R'  B'  M'.  other,  all  other  things  remaining  the 
suppose  the  prisms  to  have  such  same,  the  spectra  will  still  keep  the  same 
ing  angles,  that  the  rays  B  M,  length,  but  the  colours  will  be  reversed, 
shall  be  parallel  The  deviations  Now  suppose  that  mstead  of  transmit- 
e  rays,  sBM^s^B'  W,  from  their  ting  different  beams  of  light  through  the 
d  du-ections  Bs,  BV  must  be  two  prisms,  the  same  wxtm  be  succes- 
Under  these  circumstances  New-  sively  transmitted  through  them,  the  one 
mcluded  that  the  angles  V  B  R  being  placed  behind  thft  o\^«x«  ^3^"^^  ^<^ 
'  B'  R'  would  be  equS,  and  that  former  arrangemenl  \)«n|^  ta  iS\  ^^d:«x 
nation  of  erajny  in  the  spec-    respects  preterred,  VI  ia  c^vVft  «Hrvsi<^ 
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that  the  di«p6nMm  of  th«  one  prism  ioh^  deapefaie.    And  jit,  iliaktt»t» 

will  haTe  a  tendenoy  to  neutralise  the  lAt*  OldenbuK,  dated  Jol^,  167S«  ffane 

diiqpersion  of  the  other,  and  thai  in  the  years  twfbre  his  ''  diseOiase  about  ]|g)it 

Iwunemerilng  from  the  seoondprisni,  the  was  written  at  the  detnfe  of  eome  j^n- 

prismatie  hghts  will  be  so  minsled  as  to  tlemen  of  the  Royal  Soeie^,**  he  iniM&- 

render  the  emergent  beam  neanyeoloiir-  oaies  himself  from  A  dutM  wt  Dr. 

less.    This  will  appear  from  oonsidering  Hocbet    '*  Who  re(tardieiided  Urn  te 

that  the  tendenof  of  the  oite  prism  to  hiynig  aside  the  thoufllits  of  ImDronnK 

disperse  the  fays  m  dne  way,  taringmg  the  optics  by  refractions,  m  the  foUowiiiff 

violet  ray  hif^iest  and  the  i^  lowest,  is  wetdi— "  What  I  said  was  in  respect  H 

exactly  equal  to  the  tendenmr  of  the  telescopes  of  the  ordinary  constructkm. 

otiier  to  disperse  the  lig^  in  the  oppo*  signiiyiiig  that  theif  improvement  is  not 

site  way,  Imngiag  the  violet  lowest  and  to  be  expected  from  the  well  figoiiflff  of 

the  red  hig^hest    But  this  mutual  eom«  s^lasses,  as  opticians  have  imagined.  But 

pensation  will  not  obtain  in  the  defleotioil  I  despaired  not  of  their  improvement  by 

of  the  lij^t,  since  the  power  of  the  se-  other  constructions,  which  made  me  cau- 

cond  pnsm  to  deflect  downwards  is  noti  tious  to  msert  notiiing  that  might  inti* 

in  its  actual  position,  equal  to  the  power  mate  the  contrary.    For  altho^;h  su6- 

of  the  first  to  deflect  upwards ;  so  that  cessive  refractions  which  are  nude  afl 

the  prism  which  has  the  less  deflecting  in  the  same  way  do  necessarilv  more  and 

Sower  will  destroy  so  much  of  the  de-  more  augment  the  errors  of  the  first  re- 

ecting  effect  of  the  other  as  is  eiqual  to  fraction ;  yet  it  9emned  not  impouSbU 

its  own,  but  an  effisotive  defleotion  will  for  contrary  rrfractkmi  io  to  eomd 

remain,  by   whioh  the  beam  will  be  each  other* sinequaliti§i,ai  to  md^tMmr 

turned  from  its  original  direotioiii  d^Jerence  regutar^  and  if  thai  eomld  b$ 

Thus  we  arrive  at  the  important  fao^  convementlu  ^ficted,  thire  tooMlrf  6f  no 

that  a  beam  of  light  may  have  its  direo-  fwrtker  difiduty.    Now  io  tlua  enl  I 

tion  changed  by  refraction,  so  that  the  examined  what  may  be  done  not  o^W 

directions  of  all  its  component  rayi  shall  fflasses  alone,  but  oy  a  eompliaatioA  ei 

be  equally  changed,  or  nearly  so,  ai-  divers  succesnve  niediums ;   as  taf  im 

though  they  be  differently  renrangible.  or  more  gUum  or  crystalt^  with  spbIm* 

What  may  be  done  by  prisms   may  or  some  other  fluid  between  ikmn;  afl 

also  be  effected  by  lenses;  and  therefore  whichniay  together  perform  the  offioe  of 

an  object-glasi  of  a  telescope  may  be  one  dass,  especiaUy  of  the  ofajeet-^aa^ 

so   constructed   as   to  collect  all  the  on  whose  construction  the  perfediOD  of 

rays  of  different  refrangibilities  nearly  the  instrument  chiefly   depondsL    Bet 

to  the  same  focus,*  and  thus  an  achro^  what  the  results  in  meory  or  by  triab 

itaatic  telescope  may  be  formed.    Such  have  been,  I  may  possibly  find  a  more 

was  the  discovery  that  Newton  left  to  proper  occasion  to  dedare.** 

adorn  a  future  a^  a  discovery  pre-  In  this  passage  he  hints  at  iba  prin- 

sented  to  him  by  his  own  experiments,  a  ciple  on  which  achromatio  tateaciys 

fact  rendered  not  improbable   by   his  depend,  and  even  the  maimer  of  ap* 

own  reasoning,  consistent  with  his  own  plying  that  principle  in  their  oontitnie- 

theory,  and  soliciting  investigation  and  tion,  and   yet  fifty  years  of   hia  fife 

inquiry  at  almost  every  step  of  his  own  after  this  employed  m  perfedting  his 

researches,  yet  which  investigation  and  theory,  seem  only  to  hiive  eonfiimod  his 

inquiry  he  seems,  by  an  unaccountable  enror. 

pertinacity,  to  have  stepped  out  of  his  (38.)    Abandonmg  all  fnithcr  niqiiiry 

way  to  avoid.  into  the  methods  of  improving  nfrtdiK 

Newton  seems  not  to  have  maintained  telescopes,  Newton,  at  the  part  of  hS 

an  uniform  opinion  at  all  times  on  this  Optics  to  which  we  have  now  amvM. 

point.  The  first  edition  of  his  Optics  was  proceeds  to  explain  his  contrivaiieea  fbr 

published  in  1704,  and  the  second  in  theconsbructibnof  arefleo^ngteleaiope. 

1717.    In  both  of  these  he  pronounces  in  the  end  of  a  tube  he  ]^aoed  t  oqd- 

the  improvement  of  refracting  telescopes  cave  spherical  reflector,  iimich  he  M- 

^  structed  of  metal,  and  polishad  nith  his 

*  In  ttrietnets,  two  pritmt  or  toaies  wiU  only  brin(  OWn  hands.     The  image  from  thlS  WSS 

two  coiottw  Mcuratefy  to^etber.  the  Uw  of  di^r-  deflected  by    another   plane    relleetor 

t^St?Ltr^rUlW.?^^^^^^^  placed  inthiaxisofthefube.«ia.tob. 

conse<qtientl7  eoloar  ytrr  nearly  got  rid  of.    By  the  received  by  an  eyO-glaSS  m  thft   aide  flf 

combination  of  three  prltmi  or  leases,  three  ooloan  4Ua  tiiVwi  at  whiAh  if  wna  viahmmI  Um  iliA 

mar  be  aecanUly  eombined,  and  the  rest  itiU  moft  ^^  "*"®     «           ilJ^Au^'*''*^.^57^ 

Mri/ (has Mora;  iMi Mia •MMNKw.  o\iierrac«  .He  fuggsiti the  ponihifilyof 
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eonstrneting  a  toneatfl  reflector  of  glAst «  loriflo  property  were  a  Tirtue  imparted' 

as  being  in  softie  respeeta  preferable  to  to  the  ray  oy  Uie  edgea  of  the  aperture 

itietal,  but  does  not  seenlto  have  cat^  through  which  the  lu[ht  is  admitted,  or 

ried  this  iikto  effiect    Newtoti  was  fully  l^  the  refracting  memum  through  which 

aware  Hf  the  defects  of  fefteetlng  teW^  it  has  passed^  this  could  not  happen, 

scopes  cotllpared  With  refraetmi,  oWittg  HlastliUih  as  the  eolouring  qualitjr  would 

to  the  much  greatif  losa  of  light  in  then  be  indtpcnteit  of  the  position  of 

reflection^  and  XhA  gleater  aberration  the  paper. 

proceeditq^  from  thdr  spherical  tonA*       Btit  perhaps  the  most  conclusive  ar^ 

These,  however,  he  thought  tnconsidof^  tument  against  this  theoij  is  derived 

able  when  compared  with  those  defects  mm  the  experiment  etplamed  in  (32). 

of  the  refracting  telescope,  which  pro-  It  appears  in  that  experiment  that  the 

ceeded  frt)m  the  unequal  refrangibility  confines  of  shadow  produce  no  effect 

of  lights  whatever ;  for  the  colour  of  the  whole 

of  the  lig:ht  emerging  from  the  com- 

pound  prism  is  always  the  same,  that 

Chapter  V.  jn  the  middle  of   the  beam  being  in 

The  Theory  qf  Colours.  2'''^*®  ,5^^?^''*  from  that  at  the  bor- 

^  ^  ders.    Neither  can  the  colour  proceed 

(39.)  Thb  colours  exhibited  by  refracted  in  this  case   merely  from  the    action 

and  reflected  light  were  phenomena  with  of  the  glass,  because  it  changes  from 

which  philosophers  had  been  familiar  white  to  yellow,  orange,  red,  &c.,  that 

before  the  time  of  Newton.    These  ef-  action  remainini^  the   same.     Besides 

facts  were  generally  ascribed  to  the  ac-  this,  the  refractions  being  equal,  and 

tion  of  the  reflecting  or  refracting  l)ody,  in  contrary  directions,  would  mutually 

and  to  the  edges  of  opaque  bodies  which  destroy  each  other*s  effects.     It  may 

narked  the  limits  of  shadow,  in  impart-  further  h^  argued,  that  if  the  light  owed 

ing  to  the  light  qualities  which  it  did  not  its  colour  to  the  action  of  the  glass,  it 

possess  before  encountering  these  bodies,  would  not  have  the  colour  before  its 

Thus  it  was  thought,  that  in  passing  passage  through  the  prism  K I H ;  vet 

throuirh  glass  or  other  transparent  sul^  it  was  found,  in  that  experiment,  that 

stances  formed  into  a  prism,  the  solar  when  all  the  colours  in  the  spectrum  P 

beam  is  endued  with  a  virtue  by  the  ac-  were  made  to  vanish,  except  the  red, 

tion  of  the  medium  upon  it,  by  which  it  the  light  producing  that  colour  on  the 

reddens,  or  otherwise  colours  anv  body  screen  P  was  found  to  produce  the  same 

If hich  it  afterwards  illuminates.    In  like  colour  on  a  screen  which  received  it  be- 

manner,  it  was  supposed,  that  in  passing  tween  the  compound  prism  and  K I U, 

the  edge  of  an  opaque  body  a  similar  before  it  was  refracted  by  the  latter. 

effect  might  be  produced.  Thus  the  light  which  reddens  the  screen 

Before  he  proceeds  to  explain  and  P  would  also  redden  it  if  unrefracted  by 
estab&sh  his  theory  of  colours,  Newton  the  prism  K I H,  and  the  same  may  be 
shows  that  this  hypothesis  of  his  prede-  said  of  the  lights  of  other  colours, 
cessors  is  untenable  and  inconsistent  From  these  and,  indeed,  all  other  ex- 
with  facts.  The  coloured  spectrum  be-  periments  which  have  been  described,  it 
ing  produced  by  the  prism  in  the  usual  abundantly  appears,  tliat  "  all  homo- 
way,  the  lights  of  the  several  colours  geneous  lig[ht  has  its  proper  colour  an- 
nlaybe  successively  intercepted  by  the  8weringtoitsdef^];eeofrefrangibility,and 
interposition  of  an  opaque  Ixidy,  so  that  that  this  colour  is  unalterable,  either  by 
any  one  of  the  colours  may  oound  its  refraction  or  by  reflection/*  When  pure 
shadow.  These  colours  will  remain  un-  homogeneous  light  of  any  colour  lilu- 
altered  bv  thus  passing  the  edge  of  the  minates  a  l>odv,  whatever  the  natural 
opaque  obstacle ;  and  therefore  he  con-  colour  of  that  body  may  be,  it  will  ap- 
cfudes  that  the  light  in  passing  the  body  pear,  when  so  illuminated,  to  have  the 
receives  no  modi&cation  wliich  affects  colour  of  that  light  only  which  shines 
its  colour.  upon  it.    The  apparent  colour  of  the 

He  further  shows,  that  the  same  light»  body  is  that  of  the  light  which  it  re- 
refracted  in  the  same  manner,  passing  fleets ;  and  it  can  reflect  no  light  but 
the  same  opaque  ed|^s,  will  throw  upon  that  which  shines  upon  it.  Thus  if  a 
the  paper  which  it  illuminates  different  lx)dy  whose  natural  colour  is  blue  be 
colours,  according  to  the  direction  ill  placed  in  a  dark  chamber,  and  illumi- 
whieh  the  paper  is  placed  with  respect  nated  by  tlie  red  l\g|i\l  ol  Vim^  \iT\&\&aictf^ 
to  the  raym   He  aiKues,  that  if  the  oo-  spectromg  it  wili  a^^ig'eax  t«di\  vbl^  ^sgl 
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the  other  hand*  a  body  whose  natmml 
colour  is  red,  Uluminated  in  the  nme 
way  with  blue  light,  will  appear  blue. 

(40.)  In  the  tteoryderivea  by  Newton 
from  the  en)erimenta  which  have  been 
explained,  the  white  light  of  the  ann  ia 
supposed  to  be  comp^inded  of  aeveral 
component  ligfata  which  haye  qualities 
different  each  from  the  others.  Tbqr 
are  all  refrangible  according  to  the  same 
law  discoverra.  by  Snellius  (10);  but, 
as  we  have  alreadhr  shown,  they  posaess 
this  quality  in  different  degrees.  This 
propoty  b  accompanied  by  another  in- 


timal^  connected  with  it  AoftwDof 
the  component  parts  of  solar  Bgfat  which 
difl^  in  refrangihility,  difi^  also  ia 
cokmr;  and  therefore  the  Ugfat  of  the 
sun  is  composed  of  various ^^edasof 
lidit  of  diffenrent  coloors,  the  mudme  of 
raieh  produces  wluteoflsa. 

Newton  next  proceeds  to  dotsi'uiiiie 
tiie  degrees  of  renajngibflity  mtnaapoad 
ii^totheravsofdi&nenlcokHir&  To 
determine  tois  by  eznerimeiit»  be  de- 
lineated, on  a  paper,  the  outline  of  the 
spectrum.  Jig.  33,  FAPGMT,  and. 
refracting  tbe  8un*s  light  by  a  priam*  as 


Fig.  33. 


\ 
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described  in  p.  15,  he  held  the  paper 
so  that  the  spectrum  midit  exactfy  fall 
upon  the  space  maxked  out  upon  it 
He  employed  an  assistant  whose  per* 
ception  of  colours  he  considered  to  be 
b^r  than  his  own,  who  drew  tines 
across  the  paper,  marking  the  confines 
of  the  several  colours.  Thus  a  b  divided 
the  red  from  the  orange;  e  d,  the  oraim 
from  the  yellow;  ef,  the  yellow  from  the 
green ;  g  h,  the  green  from  the  blue  ;  i  A, 
uie  blue  from  the  indigo;  Im,  the  indigo 
from  the  violet.  This  en)eriment  was 
freauently  repeated  on  the  same,  as 
well  as  on  different  papers,  and  the 
results  were  found  to  be  generally  ac- 
cordant. Let  G  M  be  drawn  to  X,  so 
that  M  X  shall  be  equal  to  G  M,  the 
spaces  measured  frtnn  G  to  the  several 
boundaries  of  the  colours  were  found  to 
have  the  following  proportion : 
XG,  X/,Xt,X^,  Xtf,  Xc,Xa.XM, 

h      h     li      h      h      h     /f»     I* 

The  spaces  measured  along  the  spec- 
trum occupied  by  the  lights  of  the  several 
colours  may  be  considered  to  measure 
the  differences  of  the  sines  of  refraction 
of  those  rays  having  one  common  sine 
of  incidence.  But  the  proportion  of 
the  sine  of  incidence  to  that  of  refraction 
from  glass  into  air  has  been  already  as- 
certained to  be  50  to  77  for  the  least, 
and  50  to  78  for  the  most  refrangible 
rays  ;  it  follows,  therefore,  that  if  50  be 
the  common  sine  of  incidence,  the  sines 
of  refraction  for  the  rays  at  the  bounda- 
ries of  the  several  colours,  beginning 

*  The  analof;7  ob«enred  hj  Newton  between  the 
proportion  of  these  intenrali  and  the  mniiioai  utter* 
fsJ*  miut  be  itguded  m  merelj  iaaeifai. 


from  the  r«f,  win  be  77*,  771^  77*,  77L 
771,  77},  78,  which  may  be  ftmffiv^ 
ez^ained  thus.    Let  AB»  /g.  34»  be 

Fig.  3i. 
S        £ 


the  surfiuse  of  glass  from  wfaioh  the  r^ 
S I  passes  at  tne  pomtl  into  air.  I^ 
the  ray  S I  be  solar  l^ht  Round  the 
point  I  as  centre  describe  a  circle,  and 
through  I  draw  a  diameter  B  F  perpea- 
dicular  to  tlie  refracting  sur&ce  AB. 
l^Vom  the  point  C,  where  the  ray  meets 
this  circle,  draw  C  D :  thia  ia  tne  sine 
of  incidence.  Let  it  l)e  divided  into  St 
equal  parts.  Upon  I B  from  I  take  a 
length  I  r^  equal  to  77  such  Mrta,  and 
draw  r^r  perpendicular  to  IB;  again, 
take  I  o',  equal  to  77 i  of  those  parta.  and 
draw  o'o  perpendicular  to  I B,  In  the 
same  manner,  take  ly',lg',lV,li^^ 
Iv',  equal  to  77i,  77^,  77^,  77|,  77  J.  78 
parts  respectively,  and  draw,  as  bdbre, 
y'y.  g'g*  b'b,  m,  o'o.  From  I  draw  Ir, 
lo.  ly,  I^,  16,  If.  It;.  These  fiaea 
will  determme  the  directiona  of  the  rwi, 
orange^  and  the  other  rays  oonespondng 
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to  the  different  degrees  of'refrang^bility;  refractions  of  both  of  them  into  a  third 

the  ray  I  B  being  after  refraction  re-  medium  be  known. 

solved  into  I  r,  1 0,  &c.  ••  These  theorems,'*  says  Newton, 

If  a  ray  of  light  be  successively  trans-  **  being  admitted  into  optics,  there  would 
mitted  through  several  transparent  media  be  scope  enough  of  handling  that  science 
having  different  refracting  powers,  it  volummously  after  a  new  manner ;  not 
may  so  happen  that,  on  its  emergence  only  by  teaching  those  things  which  tend 
from  the  last  of  these  media,  it  shall  take  to  the  perfection  of  vision,  but  also  by 
a  direction  purallel  to  that  which  it  had  determining  mathematically  all  kinds  of 
when  incident  upon  the  first  of  them.  In  phen.omena  of  colours  wmch  could  be 
this  case  the  several  refractions  which  produced  by  refractions.  For  to  do  this 
the  ray  suffers  in  passing  through  the  there  is  nothing  else  requisite  than  to 
media,  compensate  and  neutralise  each  find  out  the  sei)arations  of  heterogeneous 
other,  so  as  to  produce,  on  the  whole,  no  rays,  and  their  various  mixtures  and 
deflection  of  the  ray  from  its  original  their  proportions  in  every  mixture.  By 
course.  Newton  observed  that,  under  this  way  of  arguing,  I  invented  almost  all 
these  circumstances,  whenever  the  inci-  the  phenomena  described  in  these  books, 
dent  ray  was  white,  the  refracted  ray  l>esides  some  others  less  necessary  to  the 
^vas  also  white.  But  he  found,  on  the  argument ;  and  by  the  successes  I  met 
other  hand,  that  if  the  refractive  powers  with  in  the  trials,  I  dare  promise,  that 
of  the  media  were  not  thus  related,  to  him  who  shall  argue  truly,  and  then 
and  that  a  deflection  of  the  incident  ray  try  all  things  with  good  glasses  and  suf- 
from  its  original  direction  finally  took  ficient  circumspection,  the  expected  event 
place,  a  separation  of  the  white  ray  into  will  not  be  wanting." 
its  component  colours  was  produced.  (42.)  Although  colour  is  one  of  the  qua- 
From  these  results  he  inferred  that  the  lities  of  homogeneous  light,  it  is  not,  like 
same  succession  of  media,  which  mutu-  the  degree  of  refrangibility,  a  test  of  its 
ally  neutralised  the  refractions  of  any  purity  or  homogeneity.  For  compound 
one  species  of  homogeneous  light,  also  lights  may  be  produced,  the  tints  of 
neutralised  them  on  all  the  others,  so  which  will  not  be  distinguishable  from 
that  if  one  component  part  of  the  solar  those  of  homogeneous  light.  If  the  red 
beam  emerged  parallel  to  its  incident  and  yellow  lights  produced  by  a  prism 
direction,  all  the  others  would  emerge  be  projected  on  the  same  white  paper, 
with  it  in  the  same  directions,  thus  form-  they  will  give  it  an  orange  tint,  precisely 
ing  an  emergent  white  beam.  But,  on  the  same  as  the  pure  homogeneous 
the  other  hand,  that  if  on  the  whole  any  orange  light,  which  lies  between  the  red 
deflection  of  the  incident  beam  were  and  yellow  lights  in  the  spectrum.  If 
finally  produced,  such  deflection  would  another  white  paper  be  illuminated  by 
he  diflerent  for  the  different  component  •  this  pure  orange  light,  it  will  have  ex- 
lights;  and,  therefore,  a  decomposition  actly  the  same  appearance  as  to  colour 
or  dispersion  would  ensue.  as  the  paper  which  receives  the  com- 

(41.)  From  these  facts  experimentally  pound  light.    But  if  these  two  papers 

exhibited,  Newton  inferred,  by  mathema-  thus  illuminated  be  viewed  from  a  dis- 

tical  reasoning^,  the  following  theorems :  tance  through  a  prism,  it  will  be  found 

I.  The  differences  between  the  sines  that  no  change  will  take  place  in  the  ap- 
of  incidence  and  refraction,  when  the  pearance  of  the  paper  illuminated  by  the 
ray  passes  from  several  different  media  pure  orange  light,  while  that  which  re- 
into  the  same  medium,  are  to  one  another  ceives  the  compound  light  will  be  divided 
in  a  given  proportion.  into  two  images  of  its  component  colours, 

II.  The  proportion  of  the  sines  of  in-  red  and  yellow.  In  the  same  manner 
cidence  and  refraction  for  any  one  species  any  two  alternate  colours  in  the  spec- 
of  homogeneous  light  from  one  medium  trum  will,  by  their  mixture,  produce  the 
into  another,  is  composed  of  the  propor-  intermediate  tint.  Thus  blue  and  yellow 
tions  of  these  sines  from  the  first  meduim    will  produce  green,  and  so  on. 

into  any  third  medium,  and  from  that  (43.)  *'  Whiteness,  and  all  grey  colours 
third  medium  into  the  second  medium.  between  white  and  black,  are  formed  by 
Hy  the  first  of  these  theorems,  the  re-  mixtures  of  all  the  colours;  and  the 
fractions  of  all  sorts  of  rays  from  any  whiteness  of  the  sun's  light  is  corn- 
medium  into  air  may  be  found,  if  the  pounded  of  all  the  prismatic  colours 
refraction  of  any  one  sort  be  known.  By  mixed  in  a  due  proportion."  The  «x^^ 
\\\Q  latter,  the  refraction  out  of  one  me-  riments  by  wt^ch  r^^NvVoii  nctv^^Al  ^tA 
Uium  into  another  may  be  found*  if  the    established  this  im^tXaxiX  'oxQ^ii^Lvyei« 
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are  characterised  with  such  singular  ele- 
gance and  ingenuity,  tliat  we  shall  not 
apologise  for  giving  the  particulars  of 
them  at  some  length. 

The  prismatic  spectrum  being  project* 
ed  on  a  screen*  a  white  paper  was  held 
before  it,  in  such  a  manner  as  not  to  in- 
tercept the  rays  from  the  prism,  and  so 
that  the  paper  diould  be  as  nearly  as 
possible  equally  distant  from  all  the 
colours.  Under  these  circumstances,  the 
paper  appeared  while.  The  colours  which 
produced  this  white  were  evidently  the 
several  colours  of  the  spectrum  reflected 
from  the  screen  upon  the  paper,  and 


consequently  reflected  in  the  aaiiie  pro- 
portions as  they  hold  in  the  spectrum  it- 
self; from  whence  we  may  infer  that  the 
mixture  of  these  colours  produces  white. 
If  any  of  the  colours  of  the  spectrum  be 
intercepteai,  the  paper  will  appear  to  be 
illuminated  with  that  colour  which  would 
be  produced  by  the  mixture  of  those 
which  remain;  a  circumstance  which 
fhrther  confirms  the  infierence,  that  the 
white  produced,  when  no  light  is  inter- 
cepted, is  the  consequence  of  the  mix- 
ture of  all  the  colours. 

Let  the  spectrum  j^.  35,  be  pro- 
jeeted  upon  a  lens  mN,  which  will 


cause  the  coloured  light  to  cohvetge  to 
its  focus  6,  and  there  to  fall  on  white 
paper.  If  the  paper  thus  illuminated  be 
moved  to  and  from  the  lens,  it  will  be 
found  that  when  near  the  lens  the  paper 
will  be  intensely  coloured.  As  its  ois- 
tancc  from  the  lens  is  increased,  the  co- 
lours will  seem  to  approach  each  other, 
and  be  collected  into  a  smaller  space, 
until  at  last,  at  the  focus  G,  they  will  be 
collected  and  perfectly  mixed  together: 
here  the  illuminated  spot  on  the  paper 
will  be  white.  By  removing  the  paper  to 
a  greater  distance  from  the  lens,  the 
rays  which  before  converged,  having 
crossed  each  other  at  the  focus  G,  will 
now  diverge.  The  coloiu^  also  will  be 
inverted,  those  rays  which  were  above  in 
the  former  case  being  now  below,  and 
vice  vend. 

Let  the  paper  be  now  placed  at  the 
focus,  so  as  to  be  illuminated  with  white 
light  free  from  colour.  We  are  to  prove 
that  this  whiteness  arises  from  the  ad- 
mixture of  all  the  coloured  lights  of  the 
spectrum  in  their  due  proportions.  Let 
all  the  colours  except  the  red  be  inter- 
cepted by  an  opaque  screen,  placed  be- 
tween the  prism  and  the  lens.  The  spot 
on  the  paper  will  now  appear  red.  By 
raising  the  screen  let  the  orange  be  ad- 
mitted with  the  red  through  the  lens. 
The  spot  on  the  paper  will  now  take  a 
tint  which  would  be  produced  by  a  mix- 
ture of  red  and  orange.    A^n,  let  the 


jfeUow  light  be  admitted*  and  a  abnihrr 
result  wm  be  obtained,  the  colour  bcmg 
one  which  would  l>e  prodnoed  by  the 
mixture  of  red,  oranse,  and  ydlow.  In 
a  word,  let  any  number  of  the  pritmatiD 
colours  be  intercepted  between  the  kos 
and  the  prism,  and  the  colour  on  the 
paper  will  be  that  due  to  the  mixture  ot 
those  colours  which  are  not  intercepted. 
From  which  we  infer  that  if  no  colour 
be  intercepted,  the  wlute  light  on  the 
paper  must  arise  from  the  mixture  of  all 
the  colours. 

Let  XY,  Jig.  36,  be  an  instrument 
formed  like  a  comb,  with  teeth  about  an 
inch  and  a  half  broad,  at  intervals  of 
about  two  inches  asunder.  By  inter- 
posing successively  the  teeth  of  tlus  in- 
strument between  the  piism  and  the 
lens,  a  part  of  the  colours  was  i^te^ 
cepted,  while  the  rest  went  throus^  be- 
tween the  teeth.  The  teeth  of  ms  in- 
strument l)eing  passed  before  the  lens, 
all  the  colours  are  successively  thromi 
upon  the  paper.  Now,  when  this  mo- 
tion is  rapid,  so  that  the  colours  on  tht 
paper  succeed  each  other  in  very  quid 
succession,  the  eye  loses  all  sense  of  co- 
lour, and  the  paper  appears  white.  Yet 
it  is  certain  that  the  paper  is  not  at  any 
instant  white.  In  this  case  the  percep- 
tion of  whiteness  is  produced  iiy  ue 
continuance  of  the  mipression  whidi 
each  colour  makes  upon  the  sense  of 
sight,  until  all  the  oUier  ooloon  font 
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likewise  affected  the  or^n.  The  effect 
is  thus  compounded  of  the  influences 
of  the  several  colours  upon  the  eye,  as 
much  as  if  they  all  affected  it  at  the 
same  moment. 

(44.)  In  this  explication  of  the  pheno- 
menon just  described,  we  assume  the  fact, 
that  when  a  visible  object  affects  the  eye, 
it  continues  to  be  perceived  after  it  has 
ceased  to  be  present.  Thus,  if  a  light 
be  suddenly  extinguished,  the  light  itself 
and  all  the  objects  which  it  rendered 
risible  continue  to  be  seen  for  a  certain 
short  space  of  time  after  the  extinction. 
This  curious  fact  admits  of  very  simple 
proof.    If  a  burning  coal  or  lighted  stick 


be  moved  rapidly  in  a  circle,  it  will  he 
seen  in  every  part  of  the  circle  at  once, 
so  as  to  have  the  appearance  of  a  ring 
of  fire ;  which  proves  that  the  impres- 
sion which  the  light  in  one  part  of  the 
circle  makes  upon  the  eye,  continues 
until  it  returns  again  to  the  same  part  of 
the  circle,  to  make  another  impression. 

The  colours  of  the  spectrum  may  he 
recomposed,  so  as  to  form  white  light,  by 
a  second  prism,  instead  of  the  lens  men- 
tioned in  the  last  experiment.  Let  RV, 
Jig.  37,  be  the  spectrum  formed  by  the 
prism  ABC,  and  let  this  be  viewed 
through  another  prism  a  be,  placed  in 
such  a  mamier  that  the  rays  which  con- 


verge from  RV  win  be  received  as  if 
they  emerged  from  a  circular  image  of 
the  sun  at  s.  In  this  case  the  rays  enter 
the  eye  exactly  as  they  would  if  it  were 
placed  before  the  aperture  P,  and  pre- 
sented towards  it  The  colours  pro- 
ceeding from  RVare  thus  mixecf  on 
entering  the  eye,  and  appear  white. 

If  any  of  thie  colours  of  the  spectmm 
H  V  be  removed  by  intercepting  a  put 
of  the  light  betwem  R  Y  and  the  pruaa 


ABC,  the  colour  which  will  be  per- 
ceived through  the  prism  a  be,  will  be 
that  which  would  be  formed  by  the  mix- 
ture of  the  remaining  colours.  But  if 
the  comb  mentioned  m  the  last  experi- 
ment be  quickly  moved  between  RV 
and  ABC,  so  as  to  throw  the  several 
colours  on  the  screen  in  rapid  suc- 
cession, the  eye  will  again  \^Tce»« 
white,  for  the  Teaaoti  aXmo:}  er^^^s^^. 
The  tame  res^sll  iiaa  o\AMXtf^  \y*)  ^ v 
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nous  other  means,  such  as  projecting 
several  spectra  produced  by  different 
prisms,  on  the  same  part  of  the  same 
pwer,  by  moving;  several  spectra  ra* 
pidly  up  and  down,  &c.  &c.  In  all 
these  cases  the  colours  submitted  to  ex- 
periment were,  however,  prumatic.  To 
establish  his  theory  more  completely, 
Newton  now  proceeds  to  inc^uire  whether 
the  colours  of  natural  bodies  were  en- 
dued with  qualities  similar  in  all  respects 
to  those  of  prismatic  light  To  accom- 
plish this,  having  pnxmred  powders  of 
colours  similar  to  those  of  the  spectrum, 
he  mixed  them  together  as  nearly  as 
possible  in  the  proportion  which  they 
were  found  to  nold  in  the  spectrum. 
He  found  that  the  mixture  was  not  a 
pure  white,  such  as  that  produced  by 
the  composition  of  the  prisoaatic  colours, 
but  was  a  dim,  greyish  white ;  such,  in 
fact,  as  would  be  produced  by  mixing  a 
small  quantity  or  black  with  a  pure 
brilliant  white. 

(45.)  It  was  not  difficult  to  account 
for  this  circumstance,  which  Newton 
appears  even  to  have  foreseen.  The  co- 
lours of  natural  bodies  arise  from  a  qua- 
lity, in  virtue  of  which  they  reflect  one 
component  part  of  the  solar  beam  more 
copiously  than  the  others,  and  therefore 
affect  the  sense  of  sight  with  the  colour 
so  reflected.  Thus  a  bodv  which  we 
call  red,  is  one  which  reflects  a  very 
large  portion  of  the  red  light  of  the  solar 
beam,  and  absorbs  nearly  the  whole  of 
the  other  six  colours.  But  it  is  found 
that  no  body  reflects  the  light  of  its 
proper  colour  so  copiously  as  a  white 
body  would  reflect  the  same  light.  If  a 
white  and  a  red  object  be  placed  beside 
each  other  in  a  dark  room,  and  both  be 
illuminated  with  red  homogeneous  light, 
by  means  of  a  prism,  the  white  object 
will  be  more  intensely  red  than  the 
red  one. 

(4G.)  Since  then  coloured  bodies  do  not 
any  of  them  reflect  all  the  light  of  their 
proper  colour,  we  are  not  to  expect  by 
their  mixture  to  obtain  a  clear  white, 
but  rather  such  an  obscure  white  as 
would  result  from  imperfect  illumina- 
tion. That  the  colour  produced  by  mix- 
ing powders  in  the  manner  already  men- 
tioned is  exactly  of  this  kind,  ISewton 
proved  by  the  following  ingenious  ex- 
periment. 

He  placed  the  mixture  of  powders  on 

the  floor  of  the  chamber,  and  l)eside  it  a 

piece  of  white  paper.    The  room  being 

daxkened^  a  beam  of  light  was  admitted, 

so  as  to  iliufflinate  intensely  the  powder. 


the  white  paper  remaining  near  it,  but  in 
the  shade,  viewing  tlum  flrom  a  dis- 
tanoe,  he  could  perceive  no  diftrenee, 
boQi  appearing  to  have  exactly  the  nunc 
wl^teness.  Another  pericm  happened  to 
enter  the  room  during  the  ezpcrimcnt, 
and  Newton,  without  informinic  him  of 
fee  previous  arrangement,  asked  hioi, 
'*  Wnidi  of  the  two  whites  were  the  bet- 
ter, and  in  what  they  difiRsred?**  After  be 
had  deliberately  viewed  them,  he  an- 
swered, "  That  both  were  good  whites, 
that  he  could  not  say  whidi  was  better, 
nor  wherein  they  differed.**  Thus  it  was 
evident  that  the  colour  produced  by  the 
mixture  of  the  powders  was  a  tme  white, 
but  only  deficient  in  the  d^^ree  of  white- 
ness ;  just  as  twilight  is  as  true  alight  ss 
broad  sunshine,  differing  firom  it  cnly  ia 
quantity. 

(47.)  naving  established  the  important 
fact,  that  white  must  result  fhnii  tne  mix- 
ture of  all  the  colours  of  the  spectmm  m 
the  proper  proportions,  Newton  proceeds 
to  the  consideration  of  the  more  geneial 
question  as  to  the  colour  wludb  would 
result  from  the  composition  of  any  gifcn 
colours  in  any  assigned  proportion,  Fbr 
tnis  problem  ne  gives  the  lollowinf  very 
ingenious  solution. 

With  the  centre  O,  Jig.  38,  and  a 
radius  O D,  describe  a  cirde  AD F,  and 
let  the  circumference  of  this  mrde  be 
divided  into  447  equal  parts.  Take  A  B, 

Fig,  38. 


consisting  of  80  parts,  B  C  of  45,  CD 
of  72.  DTE  of  80,  EFof45,  FGof45, 
and  the  remaining  part*  G  A,  will  conse- 
quently consist  of  80  parts.  Let  the  first 
part  AB  represent  a  red  colour:  the 
second  B  C  an  orange;  the  thiid  C  D  a 
yellow,  and  so  on  in  the  order  of  the 
spectrum.  Let  it  be  conoeived  that 
these  are  all  the  colonrs  of  unsom- 
Vo\xDiie4\ii,U  ^cadually  pasnng  one  inte 
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another  as  they  appear  in  the  spectrum,  and  stifled ;  those  of  the  bluish,  or  violet 

so  that,  in  effect,  the  circumference  of  hue,  and  of  the  more  refran^ble  species, 

the  circle  wiU  exhibit,  as  it  were,  a  round  are  copiously  reflected,  and  produce  in 

prismatic  spectrum.  By  the  principles  of  the  spectator  the  effect  which  m  ordinary 

mechanics,  let  the  centres  of  gravity  of  language  is  denominated  the  violet  colour 

the  arcs  A  B,  B  C,  &c.  be  respectively  of  the  object. 

found,  and  let  these  points  be  r,  o,  y,  g.  Several  ingenious  experiments  support 
6,  t,  and  V.  Now,  suppose  that  it  be  re-  this  reasoning.  A  natural  object,  what- 
quired  to  determine  the  tint  which  would  ever  be  its  colom*,  will,  if  placed  in  ho- 
result  from  the  mixture  of  red,  green,  mogeneous  light,  take  for  the  time  the 
and  blue,  in  certain  giyen  proportions,  colour  of  that  light,  proving  thereby  its 
Let  circles  be  described  round  the  points  capability  of  reflecting,  in  same  decree, 
r,  g^  and  6,  the  magnitudes  of  which  are  lignts  of  all  colours.  But  when  it  is 
to  be  made  proportional  to  the  quanti-  placed  in  homogeneous  light  of  its  own 
lies  of  the  three  colours  in  the  proposed  colour,  it  will  appear  much  more  re- 
mixture.  Let  the  common  centre  of  splendent  than  m  liirht  of  any  other 
^lavity  of  these  circles  be  found,  and  let  colour.  Hence  we  infer  that  it  possesses 
it  be  m ;  and  trom  the  centre  O  through  a  capability  of  reflecting  light  of  its  own 
m  draw  Om,  to  meet  the  circle  at  /.  The  colour  more  abundantly  than  light  of 
colour  at  the  point  t  will  be  the  tint  any  other  colour.  Thus  cinnabar,  a  red 
sought,  and  the  hne  Om  will  represent  substance,  placed  in  homogeneous  red 
"its  fullness,  or  intensity,  that  is,  its  light,  exhibits  a  splendid  red;  let  it, 
distance  from  whiteness.'*  Thus,  if  t  however,  be  illuminated  with  green  or 
should  fall  exactly  in  the  middle  of  any  blue  lis:ht,  and  it  will  assume  these 
of  the  arcs,  AB,  B  C,  &c.  the  tint  wiU  colours,  but  with  great  faintness. 
be  the  purest  of  the  correspondins;  co-  The  colours  of  transparent  liquors 
lour ;  but  it'  it  be  distant  from  the  middle  vary  with  their  thickness.  If  a  red 
point,  it  will  partake  of  the  colour  which  liquor  be  poured  into  a  glass  of  conical 
occupies  the  next  arc,  towards  which  it  or  taperins:  shape,  and  held  between  the 
lies.  Again,  if  m  fall  on  the  centre  0,  li<;ht  and  the  eye,  it  will  appear  of  a  pale 
the  colour  will  be,  as  it  were,  infinitely  dilute  yellow  at  the  narrowest  part  of  the 
diluted,  and  will  be  a  perfect  white ;  but,  glass ;  a  little  higher,  where  the  glass  is 
on  the  other  hand,  the  nearer  m  is  to  the  wider,  it  becomes  oransre ;  higher  still  it 
circumference,  the  more  intense  and  becomes  red ;  and,  finally,  in  the  widest 
florid  the  tint  will  be.  part,  exhibits  a  deep  dark  red.     We 

Newton  conceived  this  method  to  be  must,  therefore,  infer  that  a  small  quan- 

sufiiciently  accurate    for   practice,    al-  tity,  or  thickness  of  the  liquor,  intercepts 

though  not  mathematically  true.    This  a  portion  of  the  violet  and  indigo  rays, 

is  a  subject,  however,  in  which  much  im-  so  that  the  remaining  rays  which  it  trans- 

-provement  has  been  introduced  in  later  mits  form  a  pale  yellow.     A  greater 

times.     It  would  not  be  to  our  purpose  Quantity  of  the  liquor,  besides  stopping 

here  to  enter  upon  it,  our  design  being  the  violet  and  indigo,  also  arrests  the  blue 

merely  to  present  to  the  reader  in  a  po-  rays,  and  a  part  of  the  green,  transmit- 

pular  form  a  sketch  of  the  labours  of  ting  the  other  component  parts  of  light, 

?\e.yi\Qn  \n  \\\Q  science  qf  light.    Those  themixtureofwhichproduces  an  orange, 

who  desire  a  short  account  of  the  mo-  A  still  greater  quantity  of  the  fluid  will 

dern  discoveries,  will  find  one  in  the  ad-  intercept  dl  the  green,  and  a  great  part 

mirable  article  on  Light,  by  Mr.  Her-  of  the  yellow,  so  that  the  transnutted 

schel,  in  the  Encyclopsedia  Metropoli-  light  approaches  to  a  red,  becoming  a 

tana.  deep  dark  red,  when  the  quantity  of  the 

In  applying  his  theory  of  light  to  ex-  fluid  is  so  great  as  to  absorb  the  whole 

p^iain  the  phenomena  of  the  colours  of  of  the  orange  light. 
7iatiu*al  bodies,  Newton  assumes,  "  that        We  have  in  this  description  assumed 

every  body  reflects  the  rays  of  its  own  several  distinct  effects,  but  the  changes 

colour  more  copiously  than  the  rest,  and  of  colour  are  not  sudden,  but  take  place 

derives  its  colour  from  their  excess,  or  by  an  imperceptible  gradation,  an  ob- 

predominance,  in  the  reflected  light.'"  vious  consequence  of  the  tapering  form 

\Vhen  a  beam  of  solar  light  falls  upon  a  of  the  glass.    If  the  glass  were  formed 

violet,  a  decomposition  immediately  en-  of  a  number  of  cylinders  rising  one  above 

sues.  The  red  rays,  and  those  of  the  less  another,  the  diameter  of  each  exceeding 

refrangible  character,  are  either  trans-  thatbelowit  by&cerl«iiim^gOk^^^^%^^ 

mitted  throu^  the  body,  or  absorbed  chaDices  oico\Q\>i  ^o>M\m  traA^^xi  v^ 
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di«liort  J  MxJ  the  Kamd  in  «»ch  cylinder  flie  iii(temon«  mBiwr  in  irtU*  Alt 
wouW  prwent.  in  the  Wtical  direction,    theory  »  ihown  to  woount  Br  H. 

(«.)Connectedwithlhepoweroftrwii-  for^Miopenwindow.withilibMBBKIG 
parent  Squidi  to  reflect  mm  truismit  the  n^  ^^^ 

difi^nt  component  pajrti  of  «ol«r  light,  ** 

Newton  mention*  two  very  remwkable 
fccti  noticed  by  Hilley  and  Hooke,  but 
whidi  theae  eminent  philowpher*  were 
mwUe  to  expltin.  Halley,  nanng  de- 
seended  in  a  diving  bdl  to  the  depth  of 
Kverel  fathonu  in  the  aes,  obeerred, 
tipon  holding  hii  hand  in  the  lun't  light, 
which  penetrated  the  water,  and  shone 
into  the  bell  through  A  *n»U  glan  win- 
dot*  in  the  top,  that  the  light  upon  bia 
hand  wu  red.  Whereupon  he  examined 
the  lower  pvt  of  hii  hand  illummated  by 
light  reflected  from  the  water  below,  anfl 

found  it  grem.    Thii  circiimitaBce  ii  „  j,  ^ 

tiiot  accounted  for  by  Newton.    The 

■ea-waler  reflecti  bacti  the  nolet  and  horlnmtal.  the  fiiee  PK6I  pneiriid 
blue  rayimoiteaaily,  and  tranimitenioit  to  the  liriit  of  ttw  obwdii  na  kt  the 
oomoudy  the  red.  In  the  >an*a  ligAit  baaebenewedthroaghtbeltoePKHB 
trammitted to  eonuderahle  depths,  OM  byaneyeatS.  The  bue  HBTOw 
ted  ray*  therefore  predominitlng,  objects  nowbeobeemdtobeKparatdlkrtiitwD 
iSundneled  by  them  istume  a  red  liiie.  parts  by  a  beautiful  irideKcot  tiA. 
At  depths  to  which  the  nolet  ravs  cannot  formed  of  coloinrs  of  vioM  tad  UaiA 
peneMci  the  reflection  of  ttte  lilue,  tints,  "niis  aitih  is  eonetra  towMs  flu 
green,  and  yellow  light  tepsraled  from  eye,  snd  that  part  of  tin  baac  whU  ii 
the  red.  which  is  transmitted,  must  com-  towards  the  «age  I Q,  or  i^ora  flie  uA, 
potmd  a  green. 


exhibits  a  most  t 


Two  liquids  may  be  obtained,  one  of  Armament,  not  vieldinK  in  aplendonr  to 

which  transmits  the  rays  of  the  red  the  direct  view  ot  the  HeaTena.     On  the 

character,  and  the  other  thote  of  the  other  hand,  the  lower  diTirioa  of  Ibc 

blue,  the  former  intercepting  the  bluish  bane  next  the  edge  E  H,  appean  mariy 

light,  and  the  latter  the  red.    If  both  dark,  reflecting  but  a  ve^  sauUjMltin 

liquids  be  placed  between  a.  spectator  and  of  the  light  incident  upon  it    Ini  anh 

the  liffht,  they  will  be  found  perfectly  next  Ibis  sombre  space  is  tHnged  wifli  s 

opaque,  althouf^h  either  alone  is  trans-  lioM  colour,  which  is  grxdiiulj  tinted 

parent.    This  u  evident,  since  all  the  off  into  a  virid  blue  towards  the  eensas 

rays  which  can  be  transmitted  by  either  edge,  which  bounds  the  bri^t  part  of  tfai 

are  intercepted  by  the  other.     Hooke  base, 

casually,  and  without  anticipating  or  ex-  To  account  for  this  curious  i 

pecting  the  result,  actually  tried  tlus  ex-  it  must  be  remembered  that 

periment    He  filled  two  hollow  glass  parts  of  solar  light  are  dibrenflf  le- 

wedges,  one  with  a  red,  and  the  other  flexible;  alao.th^whenrsyaof  li^dan 

with  a  blue  liquor.     On  plaeing  the  incident  on  tlie  base  of  a  prunniA*^ 

wedges  together,  and  lookii^  through  previously  passed  throurii  its  sUsithsn 

them  at  the  light,  he  found  them  abm-  are  certam  angles  of  obliqui^  at  wbfab 

lutely  opaque.  it  will  be  impossible  for  the  rm  to  pass 

(4u.)  We  have  explained,  aceordin{[  to  through  the  oase,  and  the^  inll  then  bs 

the  Newtonian  theory,  the  most  striking  reflected.   Tbelinutof  obliqai^atwIAA 

phenomena  of  coloured  lights  produced  thev  will  cease  to  penetrate  ihe  bua,  ud 

hf  prisms.    The  explication  of  others  will  be  reflected,  depends  <nQidrdiKns 

wiU  be  found  in  every  elementnry  fnalise  of  refraagibiUty.    The  moet  T^mffilt, 

onoptica.'  One  very  singular  prismatic  andconsequenuylhemostrefliEodblei^s, 

phenomenon.however,  stillremainstobe  are  the  violet,  next  to  these  Um  indiM, 

noticed,  and  is  entitled  to  attention,  as  then  the  Uue,  tai  so  on  tfaronghoe 

well  for  Ihe  strons  confirmation  of  New-  otlier  colours  of  the  metrvni,  dia  isd 

tpu's  titeory  wtiicn  it  furnishes,  as  from  being  least  nflnibK    ut  H  K 1 0  be 
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the  base  of  the  prism.  From  the  eye,  let 
lines  l)e  supposed  to  be  drawn  to  the  base, 
inclined  to  it  at  that  angle  which  limits 
the  reflexion  of  the  violet  li&:ht  These 
lines  being  all  equally  inclined  to  the  base, 
must  meet  it  at  points  which  lie  in  the 
arc  of  a  circle.  Let  this  arch  be  V  V, 
fig.  40.    Again,  let  lines  be  drawn  at  the 

FigAO. 


limiting  angle  of  the  indigo  rays.  This 
angle  being  less  than  that  for  the  violet, 
the  corresponding  arc  1 1'  will  be  beyond 

V  v.  In  the  same  manner  the  limiting 
arcs  B  B'.  GG',  Y  Y',  O  O',  RR'.  cor- 
responding to  the  other  prismatic  lights, 
blue,  green.  Sec.  may  be  drawn. 

It  follows  then,  that  all  the  violet  rays 
in  the  solar  light  will  be  reflected  from 
the  part  of  the  base  of  the  prism  whose 
boundary  is  VV'GI;  all  the  indigo 
from  1 1'  G I ;  all  the  blue  from  B  B'G  I ; 
all  the  green  from  GG'GI;  all  the 
yellow  from  YY'GI;  all  the  orange 
from  OO'GI,  and  all  the  red  from 
RR'GI.  Hence  it  appears  that  the 
space  between  the  arcs,  V  V  and  1 1',  is 
illuminated  with  a  pure  violet  light  only ; 
that  between  I V  and  B  B'  is  illuminated 
by  both  violet  and  indigo  mixed;  be- 
tween B  B'  and  G  G'  there  is  a  mixture 
of  violet,  indigo,  and  blue;  between 
G  G'  and  Y  Y'  is  a  mixtiu-e  of  the  former 
colours,  with  the  addition  of  green ;  from 

Y  Y'  to  O  O',  yellow  is  added  to  the  com- 
pound ;  the  next  arched  band  introduces 
orange,  and  the  last  the  red.  Now  the 
last  mixture  constitutes  a  pure  white. 
The  former  also  a  white,  but  one  which, 
being  deprived  of  the  pure  red  rays»  takes 
a  faint  tint  approaching  a  bluish  colour, 
but  which  is  not  distinguishable  from  a 
perfect  white.  In  the  next  space  the  red 
and  orange  being  removed,  the  mixture 
produces  a  greenish  blue,  which  rapidly 
deepens,  and  becomes  a  strong  blue, 
when  the  yellow  rays  are  removed.  The 
arc  towaitis  its  inner  termination  is  a 
pure  violet. 

Newton  next  applies  his  theory  to'  ex- 
plain the  phenomena  of  rainbows.    As 


this  subject  has  been  ahready  fully  dis- 
cussed in  our  treatises  on  Optics  acconl- 
ing  to  the  same  principles,  and  in  exactly 
the  same  manner  as  it  is  treated  by 
Newton,  it  is  not  necessaiy  to  repeat  it 
here. 

Chaptbr  VJ. 

On  the  phenomena  exhibited  by  thin 
transparent  pUUe9— the  theory  of  the 
Ats  of  easy  reflexion  and  transmissum 
deduced  from  these  phenomena, 

(50.)  Thb  first  book  of  Newton's  Optics 
contains  the  discussions  which  have 
been  detailed  in  the  last  four  chapters. 
In  these  investigations  a  ray  of  light 
upon  its  impact  on  the  surface  of  any 
medium  is  considered  to  undergo  one 
of  two  effects,  viz.  either  to  pass  into  the 
medium  on  which  it  imi)inges  in  a  deter- 
minate direction,  in  which  direction  it  is 
supposed  to  persevere  through  the  entire 
medium ;  or  to  be  reflected  back  fh)m 
the  surface  into  the  medium  from  whence 
it  came,  following  also  and  persevering 
in  a  rectilinear  course.  We  are  now 
about  to  accompany  this  great  scrutineer 
of  nature  through  a  more  subtle  analysis 
of  the  process  to  which  a  beam  of  hght 
is  submitted  when  it  encounters  the  sur- 
face which  separates  two  media  of  dif- 
ferent densities. 

I  fit  were  possible  to  divide  the  me- 
dium  which  a  ray  of  light  penetrates 
into  a  series  of  plates,  the  thickness  of 
which  should  be  minute  to  an  extreme 
degree,  and  to  examine  the  state  of  the 
ray  during  its  transmission  through 
each  of  them,  we  should  attain  the  end 
which  we  desire.  Although  it  would 
perhaps  be  difficult  to  effect  this  very 
minute  subdivision  by  direct  mechanical 
means,  yet  numerous  expedients  present 
themselves,  and  those  too  of  a  character 
sufficiently  familiar,  by  which  the  phe« 
nomena  in  question  may  be  brought 
under  examination.  Indeed,  these  ime- 
nomena  were  long  the  subjects  of  ctaily 
observation,  and  may  almost  be  said  to 
have  been  the  sport  and  toy  of  children ; 
but,  like  many  other  natural  effects,  not 
less  wonderful,  which  are  continually 
passing  under  our  eyes,  they  had  failed 
to  excite  the  attention  or  stimulate  the 
curiosity  of  those  who,  by  faculties  and 
acquirements,  were  qualified  to  l)ehold 
in  them  manifestations  of  the  laws  and 
principles  on  which  the  works  of  nature 
are  constructed. 

(51.)   If  a  small  ^>i«cvV\V^  td  vm^>»& 
mixed  wXa  ^ralec,  \Yi<i&  \«XX»c  %&n^s;tt^  % 
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eluded,  that  theie  eflMt  hmff  tevenlly 
known,  there  could  be  no  difficulty  in 
combining  them,  so  as  to  account  for  the 
phenomena  produced  by  compound  solar 

With  this  Tiew^  he  decomposed  a  sun- 
beam, by  means  of  a  prism,  and  casting 
successively  on  the  lenses  the  several  co- 
loured lights  in  the  spectrum,  he  ob- 
served and  carefully  noted  the  pheno- 
mena. In  each  case  the  rings  appeared, 
and  even  in  greater  numbers,  than  in  the 
case  of  the  compound  solar  light.  They, 
however,  no  longer  exhibited  any  variety 
of  colour,  the  central  spot  being  now 
surrounded  by  rings  of  the  same  colour 
as  the  light  cast  upon  the  lenses,  sepa- 
rated by  dark  rings,  in  which,  like  the 
central  spot,  all  light  seemed  to  be  trans- 
mitted, and  none  reflected.  Upon  look- 
ing through  the  lenses  towards  the  fight, 
the  intermediate  rings  just  mcntioneci,  as 
well  as  the  central  spot,  appeared  of  the 
colour  of  the  prismatic  light,  to  which 
the  lenses  were  exposed;  and,  on  the 
other  hand,  those  rings  which  by  reflect- 
ed light  appeared  coloured,  were  now 
dark,  no  light  being  transmitted. 

Let  S  S,  Jig.  43,  be  a  section  of  the 
air-lens,  and  suppose  a  beam  of  homo- 

-F^.  43. 


the  bright  ones,  as  in  the  ease  of  the  led 
lig^t,  appearing  dark.  One  dliRereDee, 
however,  was  remarkable,  viz.  that  the 
rings  formed  by  the  less  refranrible  rm 
were  larger  than  those  ifarmea  by  the 
more  re&angible.  Thus  the  flrst  red 
ring  was  larger  than  the  first  orange  one 
and  this  larger  than  the  first  ydlow  ring; 
and  so  on,  the  first  violet  ring  Ddii|f  least 

(55.)  The  existence  of  a  eomiesion  be- 
tween the  colour  of  the  reflected  and 
transmitted  li^ht,  and  the  thidmets  of 
the  air-lens,  bemg  now  manifnt,  Newton 
ai»plied  his  attention  to  measure  this 
thickness  at  the  places  of  the  aevenl 
dark  and  bright  rings.  Tht  eztreane 
minuteness  of  the  magnitude  to  be  as- 
certained rendered  the  applicattoa  of 
direct  measures  impraetieaUe.  The  first 
principles  of  elementary  geometr]^,  how- 
ever, furnished  a  method  of  eflfeetmgthe 
measurement  with  the  greatert  aoeoncj. 

«  Let  O  T, /fg.  44,  be  the  plane  aide  of 

1^.44. 


B 

geneous  red  light  projected  on  it  flrom 
the  direction  A,  and  perpendicular  to  its 
surface.  The  centre  of  the  lens  being  o, 
let  1  be  the  place  of  the  first  ring  of  red 
light,  as  viewed  from  A.  At  2  will  be  a 
dark  ring,  at  3  a  second  ring  of  red  light, 
at  4  a  dark  rinc:,  and  so  on,  the  central 
spot  0  being  dark.  Now,  let  the  lens  be 
viewed  from  B,  so  as  to  receive  the  rays 
transmitted  through  it.  The  central  spot 
0  will  appear  red,  the  first  ring  1,  which 
before  was  red,  will  be  dark,  the  ring  2 
will  be  red,  3  dark,  and  so  on ;  all  the 
rings  which  were  dark,  when  viewed 
fh)in  A,  being  red  when  viewed  from  B, 
and  vice  versa. 

Upon  exposing  the  lenses  to  orange, 
yellow,  and  the  other  species  of  homoge- 
neous light,  similar  effects  were  observ- 
able ;  the  bright  rings  always  taking  the 
colour  of  the  light  incident  on  the  lenses, 
and  being  separated  bv  dark  rings,  which 
being  viewed  from  d  appeared  bright. 


the  ahr-lens,  and  C  D  the  ooneaYe  aide, 
and  let  the  circle,  of  which  C  D  is  an 
arc,  be  completed.  Let  O  B  be  its  dia- 
meter. By  the  principles  of  opties,  thi 
length  of  O  B  may  be  deduced,  from  ob- 
serving the  focus  of  the  oonvez  glasi 
lens  used  in  the  experiments,  pronided  tin 
refracting  power  of  the  ^ass  be  known. 
Let  it  be  required  to  ascertain  the  thidc- 
ness  T  P  of  the  air-lens  at  T.  Draw  the 
line  P  O,  and  from  P  draw  P  A  parallel 
to  T  O.  By  actually  measuring  the  dia^ 
meter  of  the  ring  at  the  distance  T,  the 
line  T  O,  or  P  A,  will  be  determined ;  and 
from  the  extreme  minuteness  of  Tr,the 
line  PA  may  be  considered  as  practieaUy 
equal  to  P  O.  The  right  anglea  triangles 
OPB,  and  GAP,  are  nmilar;    ai4 

*  Thi*  invtstiffttion  may  b«  oaiUed  by 
Me  not  flunilUr  with  th«  dcsMlt  ' 
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therefore,  O  P  bears  the  same  proportion  former  rays  than  for  the  latter.  Hfenee 
to  OB,  as  OA,  or  TP,  bears  to  OP.  we  may  easily  perceive  how  the  sue- 
Now,  since  the  magnitudes  of  O  P,  and  cession  of  coloured  rin&rs  is  produced 
OB.  are  known,  we  know  how  many  when  compound  solar  light  is  projected 
times  O  B  is  greater  than  0  P.  Then  on  the  lens.  In  this  case  each  compo- 
O  P  will  be  the  same  number  of  times  nent  part  of  the  li^ht  forms  its  own  set 
greater  than  O  A,  or  T  P.  Thus,  if  0  B  of  rings,  and  the  rings  of  one  colour  in- 
were  182  inches,  and  O  P  8-79ths  of  an  termixing  with  those  of  another,  form  the 
inch,  the  thickness  T  P  is  found  by  com-  several  series  of  coloured  rings  already 

100      ,  described. 
mon  arithmetic  to  be  about  jjf^f^^  (56.)  All  that  has  been  observed  re- 
part  of  an  inch.  specting  the  rings  produced  by  the  light 

Calculating  in  this  manner,  Newton  reflected  from  the  lens  wiU  apply,  with  the 

found  a  very  singular  analogy  to  subsist  requisite  modiflcations,  to  the  rings  pro- 

between  the  thicknesses  at  which  the  ^^ced  by  the  light  transmitted  through 

bright  and  dark  rings  of  each  colour  **•  These  latter,  however,  are  much  less 

were  produced.     Let  the  thickness  at  ^ivid  than  the  reflected  rings, 

which  the  first  bright  ring  of  any  ho-  Before  we  proceed  further  in  our  ac- 

mogeneous  colour  is  produced,  be  called  count  of  these  phenomena,  it  may  be 

1 ;  the  thickness  at  the  next  bright  ring  useful,  in  impressing  them  on  the  me- 

will  be  3 ;  the  next  5 ;  the  next  7 ;  and  mory  of  the  reader,  to  give  some  ac- 

so  on ;  the  thicknesses  of  the  successive  count  of  the  manner  in  which  Newton 

bright  rings  being  represented  by  the  odd  explained  them.  He  considers  that  every 

integers.    Again,  the  thickness  of  the  ray  of  light,  in  its  passage  through  the 

air  at  the  dark  ring,  which  immediately  surface  which  separates  two  media  of 

succeeded  Oie  first  bright  ring,  was  found  different  densities,  is  put  into  a  certain 

to  be  twice  its  thickness  at  the  first  bright  transient  constitution  or  state,  which,  in 

ring;  and  therefore  the  central  spot  being  the  progress  of  the  ray,  returns  at  equal 

considered  as  the  first  dark  ring,  the  intervals,  and  disposes  the  ray  at  every 

second  dark  ring  will  be  at  the  thick-  return  to  be  easily  transmitted  through 

ness  2.    The  thira  dark  ring  was  found  the  next  refracting  surface,  and  between 

to  be  at  the  thickness  4  ;  the  fourth  at  6,  the  returns,  to  be  easily  reflected  by  it. 

juid  so  on :  the  thicknesses  of  the  air  at  Let  A  B   (Jig.  45  )  be  a  ray  of  pure 

the  several  dark  rings  being  represented  homogeneous  li^ht  falling  perpendicu- 

by  the  even  integers.  larly  on  a  refiractmg  surface,  S  S.  Let  us 

The  proportion  which  we  have  now  suppose  that  the  medium  through  which 

explained  was  found  to  prevail  among  j^  ^^ 

the  rings,  whatever  might  be  the  colour  ^' 
of  the  light  projected  on  the  lens ;  but 
ttie  absolute  magnitudes  of  the  rings 
was,  as  we  have  stated,  different  in  eacli 

kind  of  light.  This  will,  perhaps,  be  j,  ^ 
better  understood  by  example.  Suppose 
mn  inch  divided  into  180,000  equal  parts, 
and  let  one  of  those  parts  be  the  thick- 
ness at  which  the  first  ring  of  a  certain 
colour,  say  green,  appears,  homogeneous 
green  light  being  projected  on  the  lens. 
At  a  thickness  equal  to  two  of  these 
parts  will  be  a  dark  ring.  At  a  thick- 
ness equal  to  three  of  these  parts  will  f                           •  j-                -' 

appear  the  second  bright  green  ring,  and       ■ ; ' ^ 

90  on  alternately.  A  3  has  passed  is  glass,  and  tliat  the 

The  rings  of  the  other  colours  will  medium  included  between  the  surfaces 

■ueceed  each  other  in  a  similar  manner,  S  S  and  S'  S'  b  air.    Take  B  1  in  the  di- 

with  this  difference,  that  the  thickness  at  rection  of  AB,  and  equal  to  the  thickness 

which  the  first  ring  appears  will  be  less  of  the  air  between  the  lenses  at  which 

fur  the  more  refrangible  rays,  t.  e,  those  the  first  ring  of  the  homogeneous  lisrht, 

of  a  bluish  tint,  and  mater  for  the  less  now  suppo^  to  fall  on  S  S,  appeared, 

refrangible  rays,  which  take  the  yellow  Firom  1  take  the  intervals  2, 3>4^  Sb&. 

or  red  hues,  and  that  the  intervals  be-  equal  to  B  I.  The  acWoti  ot  V!tv^  %>\xWa« 

tween  the  rings  wiU  also  be  Jess  for  the  S  S»   upon  t\\e   ra.^,    la   tupfpo^ed  V^ 
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be  such  u  to  put  it  in  a  state  in  logy  to  which  we  have  just  aHiided,  he 
which  it  would  be  easily  transmitted  by  warns  his  reader  that  he  does  not  pre- 
another  similar  refracting  surface,  such  tend  to  aflirm  "  what  kind  of  action  this 
as  S'  S',  if  that  surface  received  the  ray  (the  fits)  is ;  whether  it  consists  in  a  dr- 
immediately  after  its  passage  through  culating  or  a  vibrating  motion  of  the 
S  S.  But  this  state  of  easy  transmission  ray,  or  of  the  medium,  or  of  something 
does  not  continue.  When  the  li^t  has  else.  Those  that  are  averse  to  assenting 
arrived  at  1  it  is  in  a  state  of  easy  re-  to  any  new  discoveries  but  such  as  they 
flection,  so  that  if  it  were  intercepted  at  can  explain  by  an  hypothesis,  may  for 
1  by  such  a  surface  as  S'S',  it  would  be  the  present  suppose  that,  as  stones,  by 
reflected  back  in  the  direction  1  B  A.  fidling  upon  water,  put  the  wata-  mto 
After  passing  the  division  I ,  the  state  of  an  undulating  motion,  and  all  bodies,  by 
the  ray  is  again  changed,  and  when  it  percussion,  excite  vibrations  in  the  air; 
has  arrived  at  the  division  2,  it  is  again  so  the  rays  of  light,  by  impinging  oo  any 
in  a  state  of  easy  transmission,  as  at  B.  refracting  or  reflecting  surfiice,  exdte 
If  the  surface,  S'  S',  therefore,  met  the  vibrations  in  the  refracting  or  reflecting 
ray  at  2,  the  ray  would  pass  freely  medium  or  substance,  and  by  exciting 
through  it  in  the  direction  3, 4,  &c.  In  them  agitate  the  solid  parts  of  the  re- 
passing from  2  to  3  the  ray  again  fracting  or  reflecting  body,  and  by  agi- 
changes  its  state,  and  is  found  at  3  to  fating  them  cause  them  to  grow  wann 
be  in  the  same  disposition  to  be  reflected  or  hot ;  that  the  vibrations  thus  excited 
as  it  was  at  1 ;  and  such  reflection  are  propagated  in  the  refraetiAg  or  re- 
would,  in  fact,  take  place  if  the  surface,  flectmg  medium  or  subBlancet  much 
S'  S^  intercepted  the  ray  at  3.  In  this  after  the  manner  that  vibrmtioas  are  pro- 
manner  the  ray  passes  alternately  into  pagated  in  the  air  for  cauaing  aound, 
states  of  easy  transmission  and  reflec-  and  move  faster  than  the  raya,  lo  as  to 
tion,  at  the  successive  points,  4, 5, 6,  &c.  overtake  them  ;  and  that  when  any  ray 

(57,)  These  alternate  states  of  the  ray  is  in  that  part  of  the  vilnratioa  ^whkh 

Newton  calls  //«,  the  light  being  in  fit»  conspires  with  its  motion,  it  easily  breaks 

q/*  easy  re/lection  at  the  points  1,  3,  5,  through  a  refracting  surface  ;  bat  when 

&c. ;  and  in  JIU  of  easy  transmunon  it  is  in  the  contrary  part  of  the  vibndioii, 

at  the  points  2,  4,  6,  &c.    The  spaces  which  impedes  its  motion.  It  ti  easily 

B2,  24,  &c.,  or  13,  35,  &c.,  he  calls  reflected;    and  by  consec^uence,   that 

the  interval  of  the /Us,    Although  these  every  ray  is  successively  disposed  to  be 

phrases  imply  a  theory  or  hypothesis,  easily  reflected  or  easily  transmitted,  fay 

yet  Newton  intends  them  merely    as  every    vibration    whicn    overtakes   U. 

names  for  effects  which  are  known  to  But,  whether  this  hypothesis  be  ins 

exist,  and  distinctly  disclaims  the  adop-  tn'  false,  I  do  not  here  consider,   I  eon- 

tion  of  any  hypothesis*,  endeavouring  m  tent  myself  with  the  bare  discoveiy  that 

ever)'  case  to  render  his  inferences  inde-  rays  of  light  are,  by  some  eause  or 

pendent  of  everything  except  the  result  other,  alternately  disposed  to  be  reflected 

of  experiment  or  observation.  or  refracted  for  many  vicissitudes.** 

In  describing  the  phenomena  of  phy-  (58.)  By  the  observation  of  air  between 

sical  science  it  is  extremely  difficult,  if  not  glass  lenses,  Newton  asoertained  the 

impossible,   to  avoid  expressions  and  .^/ that,  after  passing  throofffa  a  oertaia 

terms  which  imply  a  theory  or  a  sup-  thickness  of  air,  a  ray  would  oe  reflected 

posed  cause  for  effects.    Every  writer,  or  transmitted,  according  to  the  degree 

but  more  especially  he  who  promulgates  of  thickness  of  the  air  and  the  species  of 

new  facts,  should  be  cautious  to  remind  the  light.  By  actual  admeasurement  he 

the  student  that  the  language  of  cau-  ascertained  the  least  thiclmeas  at  which 

sation,  the  use  of  which  in  physics  is  each    species    of    homogeneous   Ikbt 

inevitable,  is  nothing  more  than  a  me-  would  be  reflected,  a  magnitude  which 

thod  of  expressing  the  classification  of  will  easiljr  be  perceived  to  be  equal  to 

effects ;  and  that,  when  we  are  said  to  half  the  intetval  of  the  Jits.    We  h  iv 

"discover  the  cause"  of  any  appear-  already  observed  that  this  interv . . 

ance,  nothing  more  is  to  be  understood  different  in  different  lands  of  ligiit;-!.revi. 

than  that  we  have  found  a  class  of  phe-  greater  for  the  less  refrangible  raysMiUii 

nomena  to  which  it  belongs  and  must  for  the  more  refran^ble.  The  foUowina 

be  referred.    There  is  no  philosopher  Table  exhibits  the  mterval  for  lights  of 

who  seems  more  conscious  of  the  neces-  the  different  degrees  of  refranStn^y* 

sity  of  this  than  Newton;  and,  accord-  If  an  inch  be  supposed  to  be  divided 

^'^g^y*  in  the  introduction  of  the  phraseo-  into  ten  millions  of  equal  parta»  tbi 
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number  of  these  perti,  in  the  interval  mission ;  and  since  the  distance  between 

for  each  ray,  is  expressed  in  the  second  the  plates  is  equal  to  the  interval  between 

column.  the  fits  (see  Table),  it  will  be  again  in 

Teaminiooths  a  fit  of  easy  transmission  when  it  en- 

of  an  web.       i>iff«'w««.  ^^Qnu^CTg  the  surface  of  the  second  plate 

Extreme  nys 133         0  and  will  consequently  pass  through.    If, 

Red  rays 128         5  ju  j.\^\^  c^gg^  Jhe  eye  DC  placed  behind 

Intermediate 123         5  ^y^e  second  plate,  the  coloured  light  will 

Orange  rays 120        3  y^  perceived  to  be  transmitted. 

Intermediate 117*       M  ^^^  suppose  the  two  plates  to  be 

^ntJerai:::;.:.:.!^    t      t^f^,^'  5?  t^^^"^'  ^^^  ^"^?nt' 

Green  rays  lOH       4  half  the  former  distance  asunder.    The 

Intermediate! *. ! !  V.V. '.10l|       4  orange  light,  on  meeting  the  surface  of 

Blue  rays 98         3*  the  second  plate,  will  be  in  a  fit  of  easy 

iDtermediato 94*       3$  reflection,  and  will  consequently  return 

Indigo  rays 92*       2  through  the  plate  of  air  in  the  direction 

Intormeduoe 90^       2  f^m  which  it  came.    Having  the  same 

Violet 87         3*  space  to  move  through,  it  will  be  in  a 

Extreme  rays 83^       3^  fit  of  easy  transmission  when  it  has 

That  the  magnitudes,  which  appear    again  reached  the  surface  of  the  first 
in  the  third  column  of  this  Table,  should    plate,  and  will  consequently  be  trans- 
be  subjects  of  accurate  computation,    mitted.    If  the  eve  be  placed  before  the 
founded  on  measurements  performed  by    first  plate,  it  will  be  coloured  over  with 
the  hand  of  man,  must,  we  conceive,  be    the  orange  light, 
matter  of  the  greatest  wonder  and  admi-        Let  us  now  suppose  that  the  plates 
ration.    An  inch  being  divided  into  five    are  placed  at  the  distance  of  240  ten- 
million  of  equsd  parts,  a  distance  equal    milhonths  of  an  inch  asunder.    This  is 
to  one  of  these  parts  is  ascertained  by    equal  to  two  intervals  of  the  fits  of  orange 
positive  measurement,  in  the  estimation    light,  and  therefore  that  light  being  in  a 
of  the  intervals  of  the  fits  of  indigo  rays    fit  of  easy  transmission  when  it  encoun- 
and  those  intermediate  between  them    ters  it,  will  be  transmitted  at  the  sur- 
and  the  violet!    Magnitudes  of  such    face  of  the  second  plate.    An  eye  placed 
minuteness  far  exceed  even  the  powers    behind  the  second  plate  will  receive  the 
of  imagination.    We  have,  perhaps,  a    transmitted  light,  and  the  plate  will  take 
distinct  idea  of  the  htmdredth  part  of  an    an  orange  hue. 
inch,    by  imagining   the  tenth  of  an        In  the  middle  of  the  interval  l)etween 
inch  divided  into  ten  equal  parts.    But    120  and  240,  that  is,  at  the  distance  of 
when  we  are  required  to  conceive  one    180  ten-millionths  of  an  inch  from  the 
of  these  ten  parts  divided  into  fifty  thou-    first  plate,  the  ray  will  be  in  the  middle 
sand  equal  parts,  imagination  altogether    of  the  second  interval  of  its  fits,  and  will 
fails,  and  we  cease  to  attach  to  the  name    therefore  be  in  a  fit  of  easy  i^eflection. 
of  such  a  magnitude  any  positive  con-    If  it  encounter  the  second  surface  at  this 
ception.    Nevertheless,  this  magnitude    distance,  it  will  consequently  be  reflected, 
is,  as  we  have  seen,  capable  of  measure-    When  it  has  returned  to  the  distance 
ment  as  accurately  as  any  other,  how-    120,  it  will  again  l)e  in  aflt  of  easy  trans- 
ever  gross  and  perceptible,  so  far  does    mission,  which  flt  will  return  again  after 
the  power  of  reason  exceed  that  of  the    passing  through  the  distance  120,  at 
imagination.  which  point  it  will  again  meet  the  surface 

(59.)*  The  nrinciples  which  we  have  of  thenrst  plate,  and  will  be  transmitted 
now  explainea  will  oe  found  sufficient  to  through  it.  Thus  an  eye  placed  before 
account  for  all  the  phenomena  of  co-  the  first  plate  will  perceive  the  orange 
lours  reflected,  or  transmitted  by  trans-    light  reflected. 

parent  media.  Let  us  suppose  that  two  Thus  the  space  followed  by  the  ray  in 
glass  surfaces  are  placed  parallel  at  passing  through  the  air  bemg  divided 
the  distance  of  120  ten-millionth  parts  into  purts  equal  to  60  ten-milliunths  of 
of  an  inch,  inclosing  between  them  an  inch,  at  each  alternate  point  of  divi- 
a  plate  of  air.  If  pure  orange  li^  fall  sion  the  orange  ray  will  be  in  a  fit  of 
perpendicularly  on  the  glass,  it  will  pass  easy  transmission,  and  at  the  interme- 
through,  l>eing  transmitted  freely  by  the  diate  points  it  will  be  in  a  fit  of  easy 
plate  of  air  between  the  plates  of  glass,  reflection.  In  the  one  case,  the  oran^ 
For  on  pasting  from  the  first  glass  plate  light  transmitted  ^\W  %.VV^^^  ^^  ^"^  ^^ 
into  the  air  it  11  in  a  flt  of  easy  trans*    placed  b^^od  the  ieooud^VftX««  y(\v\^V^ 
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All  that  hts  b«en  here  ob«erred  of  the 
annge  lii^ht  will  be  cquallv  ^iplicftbk 
to  the  red.  yellow,  and  «U  tKe  other  co- 
lour!, the  interral  of  the  fits  only  being 
different  It  should,  hovperer,  be  ob- 
■erred,  that  the  m  does  nut  pwe  lud- 
denljr  into  iti  fits  ofnfieotion  «od  tnne* 
misnon  on  tiriTing  at  the  aevBralpointi 
of  division  nhioh  we  have  laentmnad. 
but  puses  p^uelly  from  its  complete 
fit  of  cMy  reflection  t*  ita  complete  fit 
of  easy  tnnimiiiion,  and  mm  Mratf, 
beinir,  in  the  intermediate  spece,  in  a 
state  to  be  pertiaUy  refieeted  and  traqs- 
mitted. 

(60.)  When  abnm  of  white  solar  lif^ 
fiills  perpendiculariy  on  the  {dates,  each 
component  pari  isput  bio  fit*  sepanleljr, 
•nd  in  the  wine  maimar  as  wonld  hap- 
pen if  that  part  alone  had  been  ineldent 
on  the  plate,  lite  thicfaicee  of  the  [date 
of  air  may  be  sueh,  that  aereral  compo- 
nent rays  may  meet  the  seoood  mirfaoe 
in  fits  of  easy  rcflectioD,  mbiis  the  other 


parte  meet  it  in  fits  of  eaw  tiammiisiwi. 
In  this  oaee,  the  tint  exhibited  to  an  qre 
placed  beJbre  the  first  plate  wiD  be  one 
which  is  compounded  of  theookmraof 
those  rays  which  meet  the  second  plate, 
in  fits  of  easy  reflection,  while  toi  tint 
exhibited  to  an  eye  behmd  ttw  aeaond 
^e  will  be  compounded  of  the  •olovrs 
of  those  ran  which  meet  tha  weood 
surfaee  b  fits  of  easy  tranmisilon.  It 
.  will  happen  fiequeatljthat  the  Meood 
surboe  will  cncouilter  a  r^  b  mch  a 
manner  as  to  divide  th«  iaWrtl  of  the 
fits  unequally,  so  that  die  ^bt  mU  be 
psrtly  reflected  and  partly  tnaataittid. 
In  thwcaae,  the  tmt  seen  OB  Mah  tUe  of 
the  plates  b  ddennnHd  m  b«e(%  br 
the  eompontion  of  the  oclmne  Wleelw 
and  transmithd,  due  regard  bmag  hsd 
to  their  qwr'^— 
(61.)  Men 


Flg,n. 


_.  tlefardetatnininctbeeol-  

by  the  seeond  aiirfiwe.  >t  maffnmout 
distatme  from  the  first  VtAUmn, 
bowtrer,  adcmt  another  awtbadrf QW 
tration,  not  aifflainc  m  piinma  ban 
that  of  Newton,  but  betU«6c«ilbr 
pomilar  illuttrati(«. 

Draw  two  lines*  AZ  (JkM^  aad 
AY  at  ngtat  ai^la^  anTSS^  mt 


seren  points  R,  O.  T,  G.  B,  I.  V  on  the  middle  between  tway  two  aiwuesiiie 

line  A  Y,  draw  through  them  lines  pa-  point*  of  contact,  that  is,  petpcntina- 

rallelto  AX,    Let  RR'  represent  the  larly  above  the  point*  r,  W,  r",  fce. 

interval  of  the  fits  □(  red  light,  and  let  When  the  thicknees  of  the  m  betwav 

this  space  be  repeated,  so  that  R'R",  the  plates  is  equal  to  RR',  or  RR",  or 

,  &c.  shaU  bo  equal  to  RR'.  RH'".  &;c.  no  red  light  is  refieeted.  the 


R"  R'", 


Draw  a  wavmg  curve  line  touching  the  ray  being  at  those  points  in 

parallel  through  R  in  the  points  K,  R',  transmission.  On  the  other  Ham,  ■ 

R",  Sic.,  and  let  the  points,  at  which  the  middle  of  each  interval,  or  at  tba  tt 

distance  of  the  curve  from  the  parallel  "i "    "      " 

ja  greatest,  be  situated  exactly  in  the  "Ti 


Ii  Hlth  oji^br  I(l:B*«rt*t  la  Ul  dh 
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nesses  Rr,  Rf',Rf'',&c  the  reflection  wliich  compose  the  tint,  perceived  br 

of  red  light  is  most  intense,  the  ray  being  reflection,  may  thus  be  determined,  both 

at  these  points  in  a  fit  of  easy  reflection,  in  quantity  and  quality. 

From  the  first  entrance  of  the  red  ray  at  It  will  be  observed,  that  the  intervals 

the  plate  A  Y  until  it  reaches  r,  its  dis-  RR',  O  O',  Y  Y',  &c.,  continually  dimi- 

position  to  be  reflected  is  increasing,  and  nish  in  passing  from  the  red  to  the 

consequently,  the  curve  from  R  to  r  violet  light.     This   is  conformable  to 

may  be  so  shaped,  that  its  increasing  what  has  been  explained ;  the  interval 

perpendicular  distance  from  R  r  may  be  of  the  fits  being  snorter  for  the  more 

proportionate  to  the  quantity  of  red  light  refrangible   the  lights.     It  is  to  this 

reflected  at  each  increasing  thickness,  cupcumstance  that  the  coloured  rini^s 

If  this  be  done,  the  perpendicular  dis-  between  the  lenses  is  owing  ;  for  if  the 

tance  of  the  curve  from  r  will  represent  fits  of  all  the  component  parts  of  light 

the  quantity  of  red  light  reflected  when  were  equal,  the  rings  would  be  alier- 

Ihe  ray  attains  its  flrst  fit  of  easy  reflec-  nately  white  and  black, 

lion.    As  the  ray  passes  from  r  to  R'  it  To  explain  more  fully  the  manner  of 

fO'adually  changes  its  phase,  and  the  determimng  a  tint  corresponding  to  a 

reflected  light  constantly  decreases  like  given  thickness,  let  the  line  A  X  be 

the  distance  of  the  curve  from  r  R',  until  divided  at  1,2,3,  &c.    Let  A  1   be  a 

at  length,  like  that  distance,  it  dwindles  thickness  much  less  than  Hr,  half  the 

into  nothing  at  R',  the  entire  light  being  interval  of  the  fits  of  red  light.    Through 

here  transmitted,  the  ra)r  having  attained  1   draw  a  line  pardlel  to  AY,  and 

its  fit  of  easy  transmission.    The  same  crossing  all  the  curves.    The  parts  of 

process  Is  repeated  as  the  ray  passes  this  line  intercepted  between  each  curve 

from  R'  to  R'',  from  R"  to  R"',  and  and  the  corresponding  parallel  to  A  X, 

so  on.  express  the  quantities  of  the  respective 

It  thus  appears,  that  the  quantity  of  colours  reflected  by  the  air  at  this  tliick- 

red  light  reflected  by  the  plate  of  air  ness.    It  thus  appears,  by  inspection, 

intervening  between  the  two  plates  of  that  the  quantities  of  red  and  orange 

irlass  may  be  exhibit^.      Take  R  p  are  small ;  of  yellow  not  much  more, 

f>qual  to  the  distance  between  the  plates,  but  that  the  proportion  rapidly  increases 

or  the  thickness  of  the  plate  of  air.  as  we  approacn  the  blue  and  violet. 

Draw  pm  perpendicular  to  lip  and  The  excess  of  light  of  a  bluish  tint, 

meeting  the  curve  at  m.    Then  p  m  will  therefore,  which   enters   the   reflected 

bear  the  same  proportion  to  ra  as  the  light,  will  give  that  light  a  corresponding 

ciuantity  of  red  light  reflected  at  the  character.    If  the  thickness  of  the  plate 

thickness  Rp  bears  to  the  quantity  re-  of  air  be  much  less  than  A  1,  the  lines 

reflected  at  the  thickness  Rr  when  the  representing  the  reflected  light  will  gra- 

ray  is  in  a  fit  of  easy  reflection.    It  is  dually  disappear,  and  no  light  will  be 

evident  that  the  quantity  of  red  light  reflected.    Accordingly,  it  was  found  in 

reflected  at  any  other  thickness  may  be  the  experiment  with  the  glass  lenses 

similarly  found.  described  in  (54),  that  at  the  centre. 

Let  O  O'  be  taken  to  represent  the  where  the  glasses  were  in  contact,  and 

interval  of  the  fits  of  orange  light,  and  for  a  small  distance  round  it,  a  black 

let   this   interval   be    repeated  (V  O",  spot  was  perceivable,  arising  from  the 

O"  O''',  &c.,  as  in  the  former  case.   Let  absence  of  reflected  light.    In  this  case, 

a  curve  be  drawn  as  before,  touching  the  air  immediately  around  the  centre 

the  parallel  at  the  points  which  mark  was  too  thin  to  reflect  the  light  in  any 

the  fits  of  easy  transmission,  and  such  sensible  quantity,  as  appears  by   the 

that  its  distance  from  the  parallel  will  scale  whicn  we  are  now  describing, 

always  be  proportionate  to  the  quantity  Let   a  parallel   to  A  Y    be    di-awn 

of  orange  light  reflected  at  each  thick*  through  2.    The  lines  which  now  repre- 

ncss  of  the  plate  of  air.     The  other  sent  the  reflected  lights  are  nearly  equal, 

curves  are  to  be  drawn  in  the  same  The  red  tints  have  not  reached  their 

manner,  the  distances  YY',  GG',  BB',  maxima,  and  the  blue  tints  have  passed 

I  r,  V  V'  representing  the  intervals  of  theirs.    The  intermixture  of  these  pra- 

the  fits  of  the  yellow,  green,  blue,  in-  duce  a  brilliant  white, 

digo,  and  violet  lights  respectively.    It  Referring  again  to  the  experiments 

is  evulent  that,  by  this  scale,  the  c^uan-  with  the  glass,  we  found  that  the  blue 

tity  of  light  of  each  colour  which  is  re-  ring  which  immediately  succeedetl  the 

fleeted   at   any  given  thickness  may  central  black  spot  was  followed  b^  ^ 

always  be  exhibited,  and  the  cotoun  ring  of  splendid  \«Vii\e,  \Vet«^^>V\x^xv^>^Mtt 
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tluckneis  of  the  air  between  the  lenses  strong^  influenee  of  tiie  nd  and  oraiu|fe 

had  so  &r  increased  as  to  be  represented  gires  the  reflected  light  a  f^Winff  erim- 

by  A  2.  son  hue.    This  corresponds  to  the  last 

As  the  parallel  to  A  Y  is  moved  to-  ring  of  the  second  series  betwaen  tiie 

wards  3,  tne  lines  which  are  intetcepted  lenses. 

between  the  upper  curres  and  their  At  C,  the  red  and  orange  mn  eopi- 

respective  bases  rapidly  diminish  and  ously  reflected ;  the  vellow,  green*  and 

disappear,  while  those  which  coirespond  violet  are  not  reflected  in  an  v  pereeptiUe 

to  the  bases  Y  Y',  and  O  O'  attain  their  Quantity,  but  the  indigo  is  abundant  and 

maxima.     Hence  it  appears,  that  by  the  lilue  considerable.  Thereault  of  the 

this  increase  of  thickness  the  reflection  composition  of  these  lights  is  a  rich 

of  the  bluish  lights  is  subdued,  and  the  purple  of  a  ruddy  charaSer,  which  cor- 

yellow  and  orange  tints  appear.   When  responds  to  the  first  ring  of  the  seeood 

the  parallel  arrives  at  3,  the  line  r  a  re-  senes  between  the  lenses.    By  following 

presenting  the  red  light  attains  its  max-  in  this  manner  the  paraOd  aa  it  mores 

imum,  the  blues  and  violets  altogether  from  A  Y,  we  shall  be  aUe  to  trace  dis- 

disappearing.     Here  the  reflected  tint  tinctW  the  lights  reflected  by  plates  of 

will  be  red.  air  of  every  degree  of  thicknesa.  and  we 

The  first  white  ring  which  appeared  shall  perfectly  account  for  the  soeces- 

l)6tween  the  lenses  was  succeeded  by  a  sion  of  coloured  rings,  aa  ftr  aa  Ihar 

yellow  which  passed  through  an  orange  are  observable  in  the  experiment  wita 

into  a  red  one.    The  increued  thickness  the  lenses. 

of  the  air  between  the  lenses,  in  receding  (62.)  We  have  here  constructed  eonres 

from  the  centre,  accounts  for  this  sue-  to  represent  the  quantities  of  reflected 

cession  of  colours  as  explained  above.  light  of  seven  distinct  d^prees  of  refirangs- 

As  tiie  parallel  to  A  Y  moves  towards  bility.  But  it  must  be  remembered  that 
4, 5,  the  hues  representing  the  quantities  solar  light  cpnsists  of  rays  of  every  de- 
of  the  red  lights  reflected  gradually  gree  of  refiiangibility  Mween  eertain 
diminish  and  (hsappear,  the  indigo  t)eing  extreme  limits.  To  describe  the  phe- 
on  the  increase,  and  the  violet  at  its  nomena  perfectly,  there  ahoold  there- 
maximum.  Hence  the  light  reflected  fore  be  an  infinite  number  of  other 
at  this  thickness  will  have  a  violet  hue.  curves  between  each  pair  of  those 
Such  is,  in  fact,  the  first  ring  of  the  already  exhibited,  and  with  bases  of 
second  series  between  the  lenses  (54).  intermediate  magnitude.  Two  sudi 
As  the  parallel  arrives  at  5,  the  violet  is  curves  having  bases  neariy  equal,  cor- 
on  the  decrease,  the  blue  attains  its  respond  to  lights  whidi  dimsr  but  little 
maximum,  and  the  reddish  tints  vanish,  in  refrangibility,  and  which  have  no 
The  colour  reflected  will,  therefore,  be  perceptible  difference  in  colour.  When 
blue,  and  corresponds  to  the  blue  ring  the  thickness  of  the  plate  of  air  becomes 
in  the  second  series  between  the  lenses,  considerable,  the  number  of  repetitions 

When  the  parallel  to  A  Y  arrives  at  6,  of  the  bases  of  two  curves,  whose  bases 
the  lines  representing  the  reds  and  violets  have  a  very  small  difference,  will  be  so 
disappear,  the  blue  and  green  are  only  great,  that  the  points  of  contact  will  be 
partially  reflected,  and  the  yellow  is  at  its  separated  by  a  considerable  interval 
maximum.  The  partial  reflexion  of  the  Accordingly,  it  must  at  length  himpea, 
blue  and  green  mixed  with  the  intense  that  when  one  ray  is  most  copiouuy  re- 
yellow,  produces  a  yellowish  green.  This  fiected,  another  of  very  nearly  the  same 
thickness  of  the  air  is  that  at  which  the  colour  will  not  be  reflected  at  all.  As 
green  ring  is  reflected  in  the  second  this  is  necessaiy  to  explain  why  a  ihkk 
series  of  rings  between  the  lenses.  After  plate  of  air  will  only  reflect  white  light, 
the  parallel  passes  6,  the  yellow  predo-  and  that  but  faintly,  we  shall  explain  it 
minates,  the    other  lights   beii^   but  more  fully. 

faintly  reflected,  &s  appears  by  inspect-  Let  Y  V',  instead  of  representing  the 

ing  the  curves.     The  yellowish  green  interval  of  the  fits  of  the  yellow  hght, 

last    mentioned,    therefore,    gradually  represent  that  of  the  fits  of  green  light 

chan^^es  into    a  bright  yellow.     This  differing  a  little   in  refrangibility  and 

corresponds  to  the  yellow  ring  of  the  not  perceptibly  in  colour  from  the  light 

second  series.  whose  fits    are  at  the  interval  G  G'. 

As  the  parallel  approaches  8,  the  red  Suppose  that  the   difference  between 

and  orange  increase ;  the  greens,  yel-  Y  Y'  and  G  C  is  (he  fortieth  part  of 

lows,  and  blues  nearly  vanish  ;  the  vio-  G  G ;  after  passing  through  a  thickness 

Jets   are  copiously  reflected,  but    the  equal  to  twenty  repetitions  of  G  G^,  the 
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highegt  point  of  the  etinre  Y  Y'  will 
correspond  to  the  lowest  of  6G\  so 
that  although  no  green  light  of  the  re- 
fransfibihty  of  G  be  reflected,  yet  light 
of  the  same  colour,  but  of  the  refraugi- 
bility  of  Y,  will  be  reflected  in  abun- 
dance ;  so  that  at  considerable  thick- 
nesses, frreen  light,  of  some  degrees  of 
retrangibility,  must  always  be  reflected. 
Now,  what  we  have  to  observe  of  green 
hi^ht  is  equally  appUcable  to  light  of  all 
other  colours:  so  that  it  follows,  that 
li&:ht  of  all  colours  will  be  both  reflected 
and  transmitted  at  considerable  thick- 
nesses. 

(63.)  Since  a  mixture  of  lights  of  all 
colours  constitutes  white  light,  it  follows 
t  hat  the  hght  reflected  and  transmitted  by 
a  thick  pUte  of  air  will  always  be  white ; 
hut  since  some  is  transmitted*  and  some 
reflected,  neither  the  reflected  nor  trans- 
mi  i  ted  light  will  be  so  intense  as  the 
lights  which  are  reflected  and  trans- 
mitted by  very  thin  plates. 

The  recurrence  of  the  fits  of  lights  of 
nearly  equal  refrangibilitv  do  not  sud- 
denly attain  the  state  which  we  have 
described.  They  approach  it  gradually. 
Hence  we  may  account  for  the  dilute 
appearances  oi  the  colours  reflected  as 
the  thickness  of  the  air  increases,  as  is 
perceived  by  observing  the  rings  of 
colour  at  a  considerable  distance  from 
the  centre  of  the  lenses.  They  become 
faint  by  degrees,  and  finally  disap- 
pear. 

(64.)  Another  circumstance  attending 
the  phenomena  of  the  rings  is  accounted 
for  on  the  grounds  to  which  we  have  just 
H(l verted.  When  homogeneous  light 
wiLs  projected  on  the  lens,  the  rings 
appeared  in  much  greater  numbers,  and 
more  distinctly  defined  than  when  com- 


pound solar  li^ht  was  used.  In  fact,  in 
this  case  their  number  seemed  quite 
interminable.  The  colours  were  here 
not  diluted  and  neutralized  by  the  ad- 
mixture of  rays  of  all  hues,  as  we  have 
shown  to  be  the  case  when  white  light 
was  projected  on  the  lenses. 

(65.)  Seeing  that  the  interval  of  the 
fits  changed  with  every  change  of  refran- 
gibihty  of  the  light,  the  problem  to  de- 
termine the  relation  between  the  interval 
of  the  fits  and  the  degree  of  refrangibility 
obviously  presented  itself.  This,  how- 
ever, Newton  failed  to  solve.  He  fan- 
cied that  the  intervals  of  the  fits  of  the 
seven  coloured  lights  bore  an  analogy 
to  the  lengths  of  a  string  which  sound 
the  seven  musical  notes. 

(66.)  Hitherto  we  have  conceived  the 
light  to  fall  perpendicularly  on  the  plate 
of  air,  and  therefore  to  be  reflected  per- 
pendicularly by  it  If  the  light  enter 
the  air  obliquely  to  its  surface,  it  wUl  be 
reflected  at  the  same  obliquity.  In  this 
case  the  li^ht  is  affected  by  the  oblique 
incidence  m  a  singular  manner.  The 
interval  of  its  flts  is  lengthened,  and 
bears  a  certain  proportion  to  the  length 
of  the  interval  when  perpendicular. 
Newton  succeeded  in  detecting  this  pro- 
portion, and  in  showing  how  the  length 
of  the  fit  depended  on  the  obliquity  of 
the  light. 

Although  the  phraseology  of  mathe- 
matics may  be  considered  in  some  de< 
gree  necessary  to  express  this  curious 
relation,  yet  we  hope  to  render  it  intel- 
ligible to  the  general  reader,  if  a  mode- 
rate portion  of  attention  be  given  to  the 
following  explanation.  Let  the  line 
P  D  (Jig,  46.)  represent  the  interval  *f 
the  fits  of  any  species  of  homogeneous 
light  incident  perpendicularly  on  a  thin 
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plate  of  air, lutTuie  prerioiiidv  passed    cuscoTered  the interfal of tfaafiti*  yrbm 
Oiroaeh  a  plate  of  glass.    We  are  re-  the  ineidait  liglit  wu  pefUMwIiwilsr. 
amred  to  find  the  roterralofthe  fits  when    In  that  ease,  the  thieknest  of  tiie  plate 
m  same  ray  enters  the  air  oUiouely  to  of  air»  whieh  reflected  the  eoknir  in  eadi 
its  surface,  as  in  the  direction  A  P.  ring,  was  fbund  by  meaauiiig  tbe  dia- 
With  P  as  a  centre,  and  PD  as  a  meter  of  the  ring.     When  be  Tieired 
radius,  let  a  semicirele  CDC^  be  de-  the  rings  oblique^,  he  foond  them  en- 
scribed,  and  let  C  C  be  considered  as  larged,  and,  consequenttv,  the  thidmesi 
thesur&ceofthe  plateofatr.    LetPF  oftheairatwhichthelig^twaaTelleeted 
be  the  direction  which  the  ray  AP  would  was  increased.    Its  increaaed  thicknesi 
take,  if  it  were  refracted  by  peering  firom  waseonrouted  in  the  same  maimer  as 
air  into  glass.    FVom  F,  draw  Fn  per-  belbre,  by  measurins  the  diametor  of 
pendicular  to  CP.    C<mtinue  the  line  therinff.    By  a  cardnil  eoupariaonof 
A  P  to  the  circle  at  E,  and  from  E  draw  the  thSdmess  thus  deduced  widi  the 
£  m  perpendicular  to  C  P.    Divide  the  thickness    which   reflected   the   aame 
interval  mn  into  107  equal  parts,  and  colour  perpendicularly,  he  discovered 
let  0  be  the  point  of  division  nearest  to  the  method  already  eznlahied  of  lindinic 
m.    From  o  draw  o  p  perpendicular  to  themsffnitude  PH  by  Knowing  PD  end 
CP,  and  meeting  the  circle  m^.    PVom  the  obuqoify.    The  thictoeaaat  which 
D  draw  D  6,  touching  the  cmde  at  D,  a  given  tmt  will  be  reflected  aft  a  given 
and  from  P  draw  Pp,  and  continue  it  to  olmquity  being  found,  tlie  mterval  of 
meet  D  6  at  T.    Continue  PD  below  the  fits  was  easily  disoorered.     In  the 
D,  and  take  PHequalto  PT.  Through  case  where  the  ray  penetrated  the  me- 
H  draw  H  K  perpendicular  to  H  P,  end  dium  perpendicular^,  twioe  the  thick- 
continue  P  £  until  it  meet  it  at  I.  Then  ness  (h  tm  air  was  equal  to  the  lenath 
P I  will  be  the  interval  of  the  fits  of  the  of  the  course  of  the  ray  in  passmg 
oblique  ray,  and  P  H  will  be  the  thick-  through  it  and  returning,  and  this,  there- 
ness  of  a  plate  of  air  through  which  tore,  was  the  interval  of  the  flib    But 
the  ray  passes  between  two  successive  whoi  the  ray,  as  in  the  preaeut  ease, 
fits.  penetrates  the  air  oliliqndy,  tlieoourse 
It  appears  from  hence  that  the  inter-  of  the  ra^  in  passing  through  it  and  re- 
val  of  the  fits  of  an  oblique  ray  depends  turning  is  more  than  twice  the  tbjfknfw 
on  three  things ;  first,  the  an^le  of  obli-  of  the  air.    Let  PH   (Jg,  48)  be  tbe 
quity ;  second,  the  refrangibility  of  the 
light ;  and  third,  on  the  refracting  power 
01  the  media  which  bound  the  thin  trans- 
parent plate  through  which  the  light 
passes.    The  relation  by  which  the  in- 
terval depends  on  these  elements,  ap- 
pears complex  in  the  preceding  explana- 
tion.   This  complexity  is,  however,  only  thickness  of  tbe  air,  and  kt  A  H  be  tbe 
apparent,  and  arises  from  the  necessity  ray  entering,  and  4i  B  emerging;    llie 
of  throwing  our  account  of  it  into  a  lines  AH  and  H  B  taken    together. 
popular  form.    Expressed  in  the  Ian-  form  the  course  of  the  ray  witmn  the 
^uage  of  Trigonometry  and  Algebra,  it  plate  of  air.     These   lines,  therefore, 
is  sufficiently  simple.*  taken  together,  or  twice  AH,  is  the  in- 

(6  7.)  The  manner  in  which  Newton  de-  terval  of  the  fits, 
duced  this  relation  from  observation  of        In  explaining  the  laws  which  govern 
the  rings  may  easily  be  conceived,  by  these  phenomena,  we  have  refinired  con- 
recurring  to  the  method  by  which  he  stantly  to  a  thin  plate  of  air  indoied 
— between  two  surfaces  of  ^aas.     The 

*  It  is  T«rjr  doubtful,  as  Newton  doM  not  give  tb«  presence  of  air,  or  any  other  material 

t^Vt  likin^'iir**  k"  •l-^*'  obliquities,  and  agent,  is  not  necessary  for  the  nroduc- 

as   the  makinff  thi*  dbservations  with  accuracy  at  I^„    '*  tu^  ^w    i         ti      i    **'^  ir^,\ 

obliqaitie8  beyond  75^  must  be  a  matter  of  threat  ^^^^  ^^  ^"^  CnectS.      The   leiises    which 

difficnltjr.  whether  the  conslmotion  is  to  be  depended  we   havC  described    654  )  WOUld   exlliblt 

on :  particularly  nx  the  ob-«ervation»«,  an  far  a«  from  0^  *Uo  „„«-«  ~««.«  ^f  ^^l^.,  J  t     i  «*•»»"* 

to  75°.  airree  wusibly  with  the  simple  formula,  secant  *"®  ®*™®  ""K*  ^^  COloUT  if  placed  Under 

<obliaaitv  (or,  if  we  use  the  6gttre  ia  the  tex^  P  H,  an  exhausted  receiVCT.      All    that  is  UC- 

with  D  T).    This  formula  is  consistent  with   the  tliat  tWO  rcfractinff  SUrfacCS    should  be 

theory  of  undulations.    Biot  does  not  say  that  he  has  placed  clOSC  toirether,  SO   as   tO   indncfe 

npemud  them  obserrations  at  mat  obliauiUes.  and  vl^vrotm    a  fliin  ir-^w^mr^^m^*^  -ZL  "*w«* 

ibttid  them  to  be  oomet.  Ht  u  tridmUT  %%%]ou  between  a  ttun  transparent  apace.    In 

$»kaawhoiwtb9fwm9maii$.  paa»ix^^^!DAfix«l«urfiut  tbe  nqpwillbe 
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put  into  fitc  of  easy  reflection  and  trans- 
mission, and  those  which  meet  the  se- 
cond surface  in  a  fit  of  easy  transmission 
will  penetrate  it,  while  those  which  meet 
it  in  a  fit  of  easy  reflection  will  be  re- 
flected fi-om  it 

(dS.)  The  interval  of  the  fits  chan^ 
with  the  refracting  power  of  the  thin 
medium  traversed  by  the  light.  The 
relation  of  this  interval  to  tt)e  refracting 
power  was  detected  by  Newton,  and 
may  be  exhibited  as  follows: 

With  a  centre  C  i/lg.  49)  and  a  radius 
C  A,  describe  a  semicircle,  and  from  any 


point  G,  through  the  centre  C,  draw  the 
rieht  line  G  C  H.  Prom  H  draw  H  m 
parallel  to  B  A,  and  meeting  at  m  a  line 
E  D  drawn  through  the  centre  perpendi- 
cular to  B  A.  Let  H  m  represent  the 
length  of  the  interval  of  the  fits  when 
the  ray  traverses  a  vacuuoL  To  find 
the  leneth  of  a  fit  when  the  medium  tra- 
yersed  by  the  rav  is  water,  draw  C  H  in 
that  direction  which  a  ray  of  light  com- 
ing in  the  direction  GC  would  take  in 
passing  from  a  vacuum,  through  the 
surface  B  A,  into  water.  Let  this  direc- 
tion be  C  H',  and  from  H'  draw  H'  m' 
parallel  to  B  A.  This  line  H'  m'  will 
be  the  interval  of  the  fits  when  the  ray 
passes  through  water.  Again,  if  the 
medium  be  glass,  draw  C  H"  in  the 
direction  which  the  ray  G  C  would  take 
in  passing  from  a  vacuum  into  glass, 
and  H"  m"  is  the  interval  of  the  fits. 

Thus  it  appears  that  the  greater  the 
refracting  power  of  the  medium  tra- 
versed by  the  light,  the  shorter  will  be 
the  interval  of  its  fits. 

Newton  discovered  this  law  by  hdro* 
dueing  transparent  liqukli  between  tho 


lenses,  whose  refraotioff  powers  were 
greatar  than  that  of  ur.  '*  Upon  wetting 
the  object  glasses  at  their  edges  the 
water  crept  in  slowly  between  them,  and 
the  circles  thereby  l>ecame  less  and  the 
colours  more  faint,  insomuch  that,  as 
the  water  crept  alon^,  one-half  of  them, 
at  which  it  first  amved,  would  appear 
broken  off  from  the  other  half  and  con- 
tracted into  a  less  room.  By  measur- 
ing them  I  found  the  proportion  of  their 
diameters  to  the  diameters  of  the  like 
circles  made  by  the  air,  to  be  about  seven 
to  eight,  and  consequently,  the  intervals 
of  the  glasses  at  like  circles,  caused  by 
the  water  and  air,  to  be  as  three  to 
four*.  Perhaps  it  may  be  a  general 
rule,  that  if  any  otiier  medium  more  or 
less  dense  than  water  bt  compressed  be- 
tween the  glasses,  their  intervals,  at  the 
rings  cau^  thereby,  will  be  to  their 
inta*viJs  caused  by  interjacent  air,  as  the 
sines  are  which  measure  the  refraction 
out  of  that  medium  into  air.'*  lliese 
iine»  are  the  lines  H  m,  H'  m',  H''  m", 
ftc  in  our  explanation. 

(69.)  It  is  remarkable,  that  whatever  be 
the  matter  of  which  the  then  transparent 
medium  traversed  by  the  light  is  com- 
posed, the  same  colours  will  be  reflected 
m  the  same  order.  This  arises  from  the 
etrcumstanoe  of  the  fits  being  regulated 
by  the  same  law  in  all  substances,  one 
differing  from  another  only  in  the  length 
of  the  interval  of  the  fits,  and  whenever 
the  length  of  the  fit  for  any  one  species 
of  homogeneous  light  undergoes  any 
change  arising  from  a  change  in  the  re- 
fracting power  of  the  medium,  the  in- 
tervals for  all  the  other  species  of  homo- 
geneous light  undergo  a  f/njportional 
change. 

(70.)  The  scale  for  determining  the 
tints  corresponding  to  different  thick- 
nesses of  the  transparent  medium  would, 
accurately  constructed,  be  a  very  exact 
method,  not  only  of  ascertaining  those 
tints,  but  also  the  primary  colours  of 
which  they  are  composed.  Newtun  has 
given  the  following  Table  of  the  thick- 
ness of  ah*,  water,  and  glass,  which  re* 
fleet  tints  corresponding  to  the  several 
series  of  rings  described  in  (34).  The 
numbers  express  millionths  of  an  inch. 


.  •  TIm  ktenraUof  the  fUsMt,  beiof  in  tkc  propor 
turn  of  lk«  •qMrtt  of  the  diameton  of  the  rug».  tft 
■or*  acMimMly  M  49l»Sii  fnynmAf  tte  ■•■• 
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curate  notion  of  the  reflected  tinl»  and 
their  composition.  But  it  also  answers 
the  further  purpose  of  mesjuring  the 
thickness  of  a  medium  too  minute  to  be 
estimated  in  any  otlier  way.  Thus  the 
siie  of  the  minute  parts  of  natural  bodies 
may  be  determined  from  their  coloun. 
"  If  two  or  mors  thin  plates  be  laid  upon 
one  another,  bo  as  to  form  one  plate 
equidling  Ihem  all  in  thickness,  (he  re- 
suiting  colour  may  be  determineJ.  For 
instance :  Hook  observed  that  a  faint 
yellow  plate  of  Muscovy  glass  laid  upon 
ablue  one  constituted  avery  deep  purple. 
The  yellow  of  the  first  order  is  a  faint 
one,  and  the  thickness  of  the  plate  ex- 
hUntiag  it  ia  4f,  to  which  add  9,  tb« 


thickness  eidiibiting  blus  of  the  Mccod 
order,  and  the  sum  nil)  be  13|,  wUcb 
is  the  thickness  exhibiting  tht  puipk  <( 
the  third  order." 

ChaptmVII. 
The  TTieory  of  CoUmrt,  ecmtimitd. 

(71.)  In  explaining  the  theorf  of  co- 
lours, it  wat  shown  that  ths  eolonn 
of  natural  bodies  arose  from  an  apti- 
tude in  them  to  reflect  the  rayt  of 
some  colours  rather  than  tbOK  a( 
□(hers.  The  experiments  and  inrali- 
gations  noticed  in  the  jnrecading  Chap- 
ter, now  enabled  Newttn  to  •uanoa  a 
step  further  in  the  inqnit;  into  ti» 
causes  of  the  eolours  of  natanl  boib&  i 
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principles  to  which  bodies  owe  this  <mii' 
iude  to  reflect  some  lights  rather  ttian 
others,  and  to  trace  this  aptitude  to  the 
internal  constitution  and  essential  nature 
of  the  bodies. 

A  very  dose  analogy  may  be  ob- 
served between  the  phenomena  of  re« 
flection  and  refraction.  It  has  been 
proved  that  those  sjpecies  of  light  which 
were  most  refrangible  were  also  most 
reflexible.  But  it  further  impears  that 
those  surfaces  at  which  lignt  is  most 
powerfully  refracted  have  a  propor- 
tionately intense  power  of  reflection. 

A  surface  which  separates  glass  from 
air  has  a  considerable  refractive  power. 
That  its  reflective  power  is  also  great, 
will  be  seen  by  looking  into  the  side  of 
a  prism  at  its  base,  the  eye  being  placed 
so  as  to  view  the  base  obliquely  and  the 
side  perpendicularly.  The  reflection  of 
light  from  the  base  will  l)e  so  intense, 
that  every  object  seen  in  it  has  all  the 
vivid  splendour  of  reality. 

The  surface  which  separates  glass 
from  water  has  a  much  less  refracting 
power,  and,  accordingly,  we  find  the 
reflective  power  proportionately  dimi- 
nished. If  the  pnsm  just  mentioned  be 
laid  with  its  base  upon  water,  the  splen- 
dour of  the  reflection  will  be  considerably 
impaired,  and  the  images  seen  in  the 
base  will  no  longer  have  the  intense 
brilliancy  which  was  observable  when 
the  medium  l>elow  the  base  was  air.  To 
this  cause  the  diamond  owes  its  lustre. 
Its  refracting  power  is  greater  than  that 
of  most  other  substances.  In  confor- 
mity with  the  principle  here  laid  down, 
its  reflecting  power  is  proportionately 
^eat,  and  we  find  the  reflection  of  light 
from  its  inner  surfaces  of  a  correspond- 
ing intensity.  On  the  other  hand,  if  a 
surface  separates  two  media  of  equal 
refracting  powers,  no  refraction  takes 
place  in  passing  from  the  one  medium  to 
the  other,  and  so  neither  do  we  find  anv 
reflection.  Thus,  at  the  point  at  which 
the  lenses  touched  in  the  experiment 
described  in  (54),  no  light  was  reflected 
at  whatever  obliquity  it  was  viewed. 

(72. )  Newton,  therefore,  concludes  that 
the  reason  why  uniform  pellucid  sub- 
stances, such  as  water,  glass,  or  ciystal, 
reflect  no  light  except  firom  their  suruices, 
is,  t>ecause  evenr  part  within  those  sur- 
faces has  an  uni&rm  refracting  power,  or 
has  in  every  place  the  same  density.  He 
infers  that  r^ection  of  light  may  always 
be  taken  as  an  indication  of  a  change 
of  density  in  the  medium  at  that  point 
tvhere  the  lefleotioQ  if  juuk^  and  that  it 


is  a  test  by  which  a  change  of  dentily 
may  be  as  certainly  ascertained  as  1^ 
refraction. 

A  ray  of  light  falling  on  the  surface 
of  a  body  in  a  flt  of  easy  transmission, 
enters  it  If,  after  penetrating  to  a  small 
depth,  it  meet  with  a  point  at  which 
there  is  a  change  of  density,  and  be  at 
the  same  time  in  a  fit  of  easy  reflection, 
it  will  retrace  its  course.  According  to 
this  view,  every  body,  how  opaque  so 
ever  it  be,  is  transparent  to  a  certain 
depth  within  its  suiface.  Experiments 
sufficiently  evince  the  truth  of  this  pro- 
position. If  a  very  thin  lamina  of  the 
most  opaque  substance  he  suspended 
before  a  hole  through  which  a  beam  of 
light  is  admitted  into  a  dark  room,  it 
will  be  manifestly  transparent,  and  light 
will  be  perceptible  through  it,  provided 
it  be  sufficiently  attenuated. 

From  all  this  it  seems  not  impossible 
that  the  intimate  particles  or  molecules 
of  opaque  or  coloured  bodies,  are  sepa- 
rated by  minute  pores  or  spaces,  which 
are  either  entirely  void  or  filled  with 
some  subtle  matenal  of  a  difflerent  den- 
sity from  the  molecules  of  the  body,  in 
the  same  manner  as  a  liquid  pervades  the 
particles  of  a  solid  substance  which  it 
Dolds  in  solution.  If  we  admit  that  light 
penetrates  the  external  surface  of  opaque 
txxiies,  a  fact  which  experience  proves,we 
must  also  admit  the  existence  of  spaces 
within  that  body,  filled  by  wme  medium 
differing  in  density  from  the  molecules 
of  the  body  itself ;  for,  without  this  dif- 
ference of  density,  there  could  be  no  re- 
flection, and,  consequently,  no  opacity. 

(73.)  There  are  many  experiments  bv 
which  phenomena  are  elicited,  which 
seem  to  support  the  hypothesis  that  the 
discontinuity  of  parts  is  the  cause  of  opa- 
city. If  the  pores  of  an  opaque  body  be 
filled  with  any  substance  of  nearly  the 
same  density  or  refracting  power,  it  loses 
its  opacity,  and  becomes  diaphanous. 
Paper  and  oil  have  nearly  equal  refract- 
ing powers.  Diy  paper  is  opaque ;  but, 
when  steeped  in  oil  until  its  pores  are  in 
a  great  degree  filled  with  that  fluid,  it 
acquires  a  proportionate  degree  of  trans- 
parency. In  the  same  manner,  linen 
cloth,  and  many  other  substances  of 
very  imperfect  transparency,  will  have 
that  quality  perceptibly  inert  ased  by 
being  steeped  m  liquids  whose  refracting 
power  is  nearly  equal  to  their  own. 

On  the  other  hand,  the  most  trans- 
lucent bodies  may  be  rendered  o^aa^fu^ 
by    extricaXmg  from  \3h«a   ^^cym  ^^ift 
matter  whkh  i^enidea  >3Mm.'vitiM^^vQK| 


U  A  POPULAR  AOOOtJM* 

h$  done  bt  mpmr^ng  fhdr  purb  by  gk  JHUmUUml  %moi  jtmyih  JMf 

neduuiteal  divitioii ;  9t  the  tabtle  per-  niihecL    This  aSmiinitira  li  moniad  m 

vading  at^nt  ma^  be  banished  by  neat  fur,  tbat  it  la  less  tiiaa  tht  inlwvi  b»- 

or  chemical  actKm.    Thus,  pnWerined  tmma  ait  of  eaiy  tranmilwinn  aad  ooe 

ekes  and  the  shayinn  of  bora  are  no  of  eaajr  reflection,  and  oonaoqaflifl^  the 

ngertranapaient  Wet  paper  beeomes  li|hl  ii  tunimitteil.  and  the  Miliiiia  ii 

opaque  upon  evaporating  tne  moiftare  diaphanoiiai 

byheat ;  and  lalta  and  otSar  aubitaiioei«  (T5.)  There  are  iiiainraBakfieiwluah 

held  in  aolution.  kiee  thnr  transpanney  aopport  the  o|»nioiit  that  the  ooiaiin  ef 

by  predpitation.  natural  bodiea  are  produoad  apoa  flia 

On  such  grounda  Newton  aaanmea  aame  ptineqile,  goferned  by  tna  aaaa 

that  the  parta  of  opaque  bodiea  are  ae»  lawa,  and  attended  with  eflMs  in  all 

paratedbyinteratieea;bathee¥aigoea  raycta  the  aame  aa  thoaaprodaaad  by 

further.    He  affirma  that  theae  inter-  their  transparent  plateau  aa  *»r^H* 

atices  must  have  certain  detarminatie  inthelaat  chapter.    One  of  ttaaaa  ttk 

maj^ttudes,  and  Acre  are  limita  within  transparentplatea,jproyidedifcbaaf  vm- 


which   they   cannot   come.      In  the  fbrm  thiekMaa,  will*  in  may  pn^  »• 

experiment  with  the  lenaea  (64),  the  fleet  the  aame  colour.  LetitbaaHtiali 

black  central  mot,  witlun  wiiich  the  threada,  or  broken  into  fr8gaaeBftn;en«y 

transmission  of  tne  light  was  total,  waa  piece  will  aeparate^  ratat  tiia  aaaa 

much  larger  than  the  point  of  contact  odour  aa  the  oitire  plate.    A  ban  of 

of  the  glass,  and  no  lignt  waa  reflected  theae  fhigmenta  will  atill  qip«r  of  tha 

until  the  air  attained  a  certain  thiekneaa.  aame  colour;  and  if  a  n^te^l  badf  ha 

In  like  manner,  if  a  aoap-bubUe  be  considered  as  a  maaa  of  aodhfragnaali^ 

examined,  it  will  be  found  that  aa  the  it  must,  on  the  aame  gRMmdab  «falbit 

liquid  winch  Ibrma  it  anbaidea,  ttie  Xftp  the  aame  cdoura. 

becomea  ao  thin  aato  reflect  no  light.  It  will  be  recollected,  that  flan  ^tfm, 

and,  consequently,  appears  black.    In  Tiewed  at  diiftrent  obKniiifla^  aMM 

order,  therdiore,  to  rdwet  light,  the  dia-  their  tmta,  the  len|[th  or  tha  fllii  aai 

tances  between  the  particles  of  a  body  therefore,  the  apeoiea  of  tha  11^  ia> 

must  be  such  as  to  allow  the  pervading  fleeted,  changing  with  ofiry  diaa«a  ia 

medium,  whatever  it  tw,  to  exist  in  suffi-  the  obliquity  of  the  li^t  to  tba^ala 

ciently  thick  parts ;  otherwise  the  dis-  In  conformity  with  thia»  many  vatual 

tances  between  the  particles  would  be  bodies  vary  their  hues  with  tha  paint 

less  than  half  the  interval  of  the  fits,  and  from  which  they  are  newad.    TIm  phh 

the  ray,  throughout  the  whole  thickness  mage  of  Inrds,  and  mora  aanfifially  ef 

of  the  medium,  would  be  in  a  fit  of  easy  the  peacock,  presents  a   •ptandid'ia- 

transmission.  stance  of  this.    Chaiweab  e  «ilff,  and 

This  Newton  considers  to  l>e  the  case  almost  hU  dyed  clotSai,  aro  atlciadal 

fvith  water,   glass,   translucid  stones,  with  a  similar  effect    A  apido'a  web^ 

and  other  transparent  substances.  That  when  finely  spun,  exhibita  ecdoura.  AH 

there  are  spaces  between  their  particles  these  plumomena  bear  a  doae  and  ob* 

is  beyond  doubt    But  those  spaces,  re-  vious  analogy  to  those  which  ft^MwipM^ 

latively  to  the  pervading  medium,  are  our  attention  in  the  laat  ehaptw. 

circumstanced  m  the  same  way  aa  the  (76.)  But,  further,  aoma  aa^ 

air  immediately  around  the  point  of  con-  reflect  one  colour  and  tranamil 

tact  of  the  lenses ;  they  are  too  smaJl  to  lUce  the  air  between  the  laoaaa  in  (M)l 

reflect  li^ht,  and  the  ray  never  has  space  Examines  of  this  will  be  found  ia  Imf 

enough  in  any  of  them  to  pass  from  a  gold,  some  species  of  atainad  glaaa.  aad 

fit  of  easy  transmission  into  one  of  easy  ttie   infusion  of  lignum  nqiMliaaaB. 

reflection,  and  consequently  it  is  wholly  The  coloured  powders  uaed  by  paialan 

transmitted.  change  theb  tinta  by  oMra  arinii^^ 

(74.)  This  theory  derives  some  further  The  parts  being  thus  radooMin  aiai; 

support  from  the  eti'ects  of  the  solution  reflect  varioua  colours,  hi  tha  aaaa 

of  solid  substances  in  liquid.     The  par-  manner  as  a  tnasparant  plata  wooU  by 

tides,  by  a  subdivision,  inconceivably  reducing  its  thickness, 

minute,   are  brousiht  into  closer  con-  No  example  mone  atron|dy  anpporti 

tact ;    and,    allhou^li   the    solid    after  Newton's  reasoning  than  ttioaa  whUi 

solution,  fills  a  g^i-eater  space,  and  the  are  so  common  in  chen^oal  iTparimaBli, 

aggregate  of  the  interstices  of  its  parts  in  which  various  ohangaa  of  ookwr  Ma 

must  therefore  be  increased,  yet  the  produced  by  the  adnuxtara  of  diAnat 

inihcbVisiofl  is  80  mmuto  that  e^ery  sin-  aigwMa  el  wfioala,  'te^l^sad^aaahaf 
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which  is  perfectly  tnoifparaat,  will  fre-  with  glass,  will  reflect  green  of  thethird 

quently,  when  mixed,  be  strongly  co-  order;   16}  expresses   the  number  ol 

loured.    This  may  be  conceived  to  arise  millionth  parts  of  an  inch  in  it 
from  the  mutual  action  of  the  corpus-        (78.)  The  received  opinion  respecting 

cles  of  the  two  liquids :  they  either  create  the  cause  of  reflection  of  light  was»  that 

or  destroy  the  connexion  of  particles,  its  particles  impinged  upon  the  hard  sur- 

and  cause  the  molecules  to  swell  or  face  of  the  solid  parts  of  the  reflecting 

shrink,  whereby  not  only  their  bulk  but  body,  and  were  reflected  by  the  reaction 

their  density  may  be  changed.  of  that  surface,  in  the  same  manner  as 

This  change  of  the  magnitudes  of  the  an  elastic  sphere  is  reflected  when  it 

particles  and  their  interstices  is  an  ade-  strikes    a    hard    plane.    This  opinion 

(juate  cause  for  the  change  of  colour,  seemed  to  be  countenanced  by  the  law 

according  to  Newton*s  theory.  of  reflection  of  h^ht,  which  is  the  same 

It  is  observable  in  experiments  such  as  that  which  regulates  the  reflection  of 
as  those  descrit)ed  in  the  last  chapter,  all  elastic  spheres  impinging  upon  hard 
that  when  the  thin  transparent  medium  surfaces.  Newton,  however,  held  that 
which  reflects  the  colours  is  more  dense  light  does  not  impinge  on  the  solid  and 
than  the  surrounding  medium,  the  co-  impervious  parts  of  bodies,  but  is  re- 
lours  are  much  more  vivid  and  brisk,  fleeted  without  having  encountered  these 
and  less  liable  to  shift  their  tints  with  a  surfaces.  He  shows  many  difficulties 
chanere  in  the  direction  in  which  they  which  attend  the  hypothesis,  that  light 
are  viewed.  This  will  be  evident,  by  impinges  on  the  solid  parts  of  bodies  in 
comparing  the  effect  of  thin  films  of  reflection,  among  which  the  following 
gla^s  or  mica,  the  ambient  medium  may  be  noticed, 
neing  air,  with  that  of  a  thin  plate  of  air.  If  light,  after  passing  through  glass, 
inclosed  between  two  pieces  of  plate  be  reflected  by  the  surface,  the  ambient 
glass.  From  this  circumstance,  Newton  medium  being  air,  the  reflection  will  be 
supposes  that  the  parts  of  bodies  on  stronger  than  it  would  be  if  the  light 
which  their  colours  depend  must  be  liad  passed  through  the  air  and  been 
denser  than  those  which  fill  the  remain-  reflected  by  the  surface  of  the  glass, 
in&r  spaces  within  the  surface  of  the  and  much  stronger  than  if  the  ambient 
body.  For  the  colour  of  a  body  beins:  medium  had  been  water.  This  efliect 
generally  produced  by  li^ht  reflected  at  would  lead  to  the  conclusion,  that  the 
all  angles,  if  the  particles  reflecting  particles  of  lir  repelled  the  light  with 
colour  were  rarer  than  the  surrounding  greater  force  than  those  of  either  water 
medium,  all  tints  woukl  be  reflected  at  or  glass.  But  it  is  still  more  unac- 
different  obliquities,  and  so  the  body  countable  on  this  theory,  that  upon 
would  appear  white  or  grey.  But  if  the  withdrawing  the  air  from  about  the 
parts  reflecting  colour  be  more  dense  glass  by  an  air-pump,  the  reflection  of 
than  the  others,  the  lights  reflected  nearly  the  light  from  the  surface  which  sepa- 
perpendicular  will,  by  predominating  rates  the  glass  from  the  vacuum  is  still 
over  the  oblique  ones,  give  their  own  stronger  than  in  either  of  the  former 
colour  to  the  body.  cases. 

(77.)  All  the  preceding  reasoning  led        If  the  light,  after  passing  through  the 

Newton  directly  to  the  inference,  that  the  glass,  be  incident  on  the  surface  more 

colour  of  a  body  furnishes  a  meana  of  obliquely  than  at  an  angle  of  41°,  it  will 

determining  the  magnitude  of  the  uitt-  be  wnoily  reflected ;  but,  at  all  obliqui- 

nuUe  transparent  corpusdes  of  which  it  ties  less  than  this,  it  will  be  transmitted. 

2S  composed.  Many  circumstances  render  Hence,  if  we  admit  that  the  impact  on 

it  probable,  as  Newton  conceived,  that  solid  parts  is  the  cause  of  reflection, 

the  parts  of  bodies  have,  for  the  most  and  therefore  the  penetration  of  in- 

part,  the  same  refractive  density  as  those  terstices  the  cause  of  transmission,  we 

of  water  or  glass.  This  being  assumed,  are  compelled  to  suppose,  that  at  obli- 

it  follows  that  the  diameter  of  the  cor-  quities  greater  than  41°,  all  the  parts  of 

puscle  of  a  body,  which  has  any  pro-  the  light  encounter  solid  parts  of  air, 

posed  colour,  is  equal  to  the  thickness  but  at  less  obliquities  thev  all  pass  into 

of  a  plate  of  water  or  glass,  which  would  pores  or  interstices ;  aiu{,  on  tlie  other 

reflect  the  same  colour,  and  which  may  hand,  that  in  passing  through  air,  ami 

BlwavsbedelenninedbytheTable,i>.62,  impinging  upon  glass,  it  never  fails  to 

and  by  the  Scale,  fig.  46.  Thus,  if  it  l>e  meet  pores  enough  to  txa3A&m\\  "mcvcV^ 

desire  to  know  the  diameter  of  a  cor-  the  whole  o£  il,  exeu  aX  VIm  n^oaV  ^Xv^a 

ptisele^  which,  h&ng  of  equal  density  indideDow.    Bomft  i&vs  fBa^^^%  VuiX 
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the  lisht,  •!!«  ptssfaig  through  the  g:l«t8,  even  m  thie  ease,  bodiee  of  tfak  nature^ 
is  rdecfed— not  bv  the  ]^ais  of  air  when  compared  with  one  another,  have 
contiguous  to  the  glass,  but  bj  the  last  refracting  powers  in  a  ratio  not  very  re- 
particles  of  the  c^anitsdC  Thissuppo-  mote  from  that  of  their  dcnaities. 
sition,  however,  is  scarcely  intdligible.  The  sulphureous  principle,  thevcfbre, 
and,  besides,  is  contradictod  by  wetting  seems  to  increase  the  actkm  of  bodies 
the  surface  of  tiie  glass,  which  immedi-  on  light ;  and  Newton  coiyectarea  that 
ately  affects  the  rdlection,  which  could  this  principle,  existing  more  or  lets  in 
not  be  the  case,  if  the  reilectioa  were  aO  bodies,  may  be  the  cause  of  aU  the 
made  by  the  parts  of  the  gjass.  phenomena  of  reflection  and  refraction. 

It  has  been  shown  tlut  two  kinds  **  And  as  light  congregated  bv  «  bun- 

of  homogeneous  light — say  Une  and  ing  glass  acts  most  upon  aiuphureous 

red — might  be  inodent  at  the  base  bodies  to  turn  them  into  flre  awl  llanw^ 

of  a  pnsm,  with  the  same  oUiouitjr.  so,  sinoeall  action  is  mutual,  aulphurs 

and  so  that  the  red  should  be  wnolgr  oogtit  to  act  moat  upon  light.    For  that 

transmitted,  and  the  blue  wholly  re-  the  adkm  between  light  aod  bodies  is 

flecttfd.     In  this  case  it  seems  ineon-  mutual,  may  appear  from  this  consi- 

ceivable,  that  the  red  rays  should  every-  deration ;  that  the  densest  bodiea  whidi 

where  fall  on  pores,  and  the  blue  rays  refract  and  reflect  light  moat  stitmcly, 

on  solid  parts.    A  similar  diflkulty  at-  grow  hottest  in  the  summer  ann,  by  the 

tends  the  explication  of  all  the  pheno-  action  of  Uie  refracted  and  reflected 

mena  of  thm  plates  explained  m  the  light.** 

last  chapter,  for  we  must  there  suppose.       This  last  observation  of  Nawton  has 

that  the  transmitted  rays,  l)eiiig  aU  of  been  since  proved  ineorrcol.    The  noit 

certain  species,  meet  only  with  pores  dense  bodies,  if  transparent  and  coknir- 

while  the  rays  of  the  complemental  co-  less,  do  not  grow  hot    However,  the 

lours  encounter  nothing  but  solid  parte,  theoiy  which  has  formed  tiie  aufeieet 

Still   ^eater  difficulties  attend  the  of  this  chi^iter,  and  which  haa  ben 

explanation  of  the  phenomena  of  refleo-  given  substantiallv  as  Newton  himself 

tion  of  light  at  polished  surfaces,  ac«  has  left  it,  must  be  received  ma  natter 

cording  to  this  theory.    The  substances  of  hypothesis.    To  discuss  its  merits, 

used  in  polishing  dass  and  other  sur-  and  compare  it  with  subsequent  expe- 

faces,  only  bring  tne  roughness  of  the  riments    and   theories,  would   greatly 

surface  to  a  very  fine  grain,  so  that  the  exceed  the  limits  of  the  present  traatise. 

inequalities  become  too  small  to   be  Our  object  here  is  to  give  a  suoeind 

perceptible  either  to   sieht   or  touch,  popular  account  of  "  Newton*8  Optics,** 

Hence,  since  innumerable  inequalities  and  not  to  discuss  the  reUtive  merits  of 

exist,  irregularly  distributed  over  the  the  different  theories  which  have  k>een 

most  polished  surface,  it  follows,  that  if  advanced  to  represent  the  phenomena. 

the  light  were  reflected  by  impinging  on 

the  surfaces  of  the  solid  parts,  it  would  Ckaptbr  VIIL 

be  as  irregularly  scattered  about  by  such  tjuv.*  ^•^••••.^M^M.f  p/««^ 

a  surface  as  by  the  roughest.  Thick  transparent  Plaisi. 

(79.)  Newton, therefore, considers  that  (80.)     The  colours  produced  by  the 

light  is  reflected — "  not  by  a  single  point  reflection  and  transmission  of  light  by 

of  the  reflecting  body,  but  by  some  thin  transparent  plates  are  not  peeu- 

power  of  the  body  which  is  evenly  dif-  liar  to  these,  but  may  also  be  exhibited, 

fused  over  its  surface,  and  by  which  it  acts  under  certain  circumstances,  by  plates 

upon  the  ray  without  immediate  contact.**  of  considerable  thickness.    By  a  aeries 

By  a  comparison  of  the  retracting  of  experiments  with  concave  glaaa  re- 
powers  of  substances  with  their  densi-  flectors,  silvered  on  the  convex  nde, 
ties,  Newton  traced  an  evident  con  Newton  made  these  phenomena  mani- 
nexion  between  them.  In  all  bodies,  fest,  and  applied  his  hypotheais  of  the 
whether  solid,  liquid,  or  aeriform,  ex-  fits  of  easy  reflection  and  transmission 
cept  such  as  be  of  an  unctuous  or  sul-  successfully,  in  accounting  for  them, 
phureous  nature,  the  refracting  powers  and  in  reducing  them  to  the  lavra  which 
are  very  nearly  in  the  proportion  of  were  explained  in  the  sixth  chapter. 
their  densities.  A  body  of  an  unctuous  Before  we  proceed  to  describe  thMfl 
or  sulphureous  nature,  compared  with  experiments,  it  is  necessary  to  remind 
one  which  is  not  so,  has  a  greater  rela-  the  reader  of  the  several  effocts  wbieh 
iive  refracting  power  than  the  proper-  a  beam  of  light  undeigoea  whm  it  en- 
tkm  uf  their  densities  indicates.    Bui  co^cDl^m  ^^  vosIm^  ^  t»  tnaapuHi 
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medium.  A  part  is  reflected,  according 
to  the  re^lar  law  of  reflection,  and  a  part 
entering  the  medium  is  regularly  re- 
fracted. But  besides  these,  which  may  be 
considered  as  the  principal  parts,  there  is 
3till  another  portion  which  is  scattered 
about  in  all  directions  around  each  point 
of  incidence,  both  within  and  without 
the  refracting  medium.  It  is  this  portion 
of  the  incident  light  which  serves  to 
render  the  siuface  visible  to  an  eye 
placed  in  any  situation  with  respect  to 
it  For  if  no  light  proceeded  m  any 
other  directions  tnan  those  of  the  regu- 
larly reflected  and  refracted  rays,  the 
surface  would  be  invisible  to  every  eye, 
except  to  one  placed  in  these  directions. 
It  is  to  the  portion  of  light  scattered 
thus  irregularly  that  the  phenomena, 
which  we  are  now  about  to  describe, 
are  to  be  traced. 

Newton  procured  a  concave  glass 
speculum  or  mirror,  silvered  on  the  con- 
vex side,  and  in  every  part  exactly  a 
quarter  of  an  inch  thick.  This  he  placed 
in  a  darkened  chamber  opposite  the 
window,  throuifh  which  a  beam  of  light 
was  admitted.  The  radius  ofthe  sphere  on 
which  the  mirror  was  ground  was  about 
six  feet,  so  that  the  centre  ofthe  mirror 
was  at  that  distance  from  its  surface. 
At  the  centre  of  the  mirror  he  placed  a 
white  opaque  paper  screen,  having  a 
small  hole  in  it,  and  so  adjusted  the 
mirror  and  the  screen,  that  the  beam  of 
light,  passing  through  the  hole  in  the 
screen,  should  fall  upon  the  mirror,  and 
l}e  reflected  back  from  the  mirror  to  the 
same  hole. 

Let  A  B  {fig,  50)  be  the  mirror,  C  D 

Fig.  50. 


the  screen  placed  before  it,  so  that  the 
hole  O  shall  beat  tlie  centre  ofthe  mirror. 
The  rays  of  light,  passing  from  O  to  the 
mirror,  will  fall  perpendicularly  on  it, 
and  consequently  all  the  regularly  re- 
flected rays  will  return  to  O ;  and  as  far 
as  these  rays  are  concerned,  the  side  of 
the  screen  presented  to  A  B  wiJJ  be  a« 
ddr\i  i^  ^oo  ligbt  pMMied  through  O  to 


the  mirror.  Nevertheless,  upon  observ- 
ing the  screen  presented  towards  A  B, 
Newton  found  this  not  to  be  the  case. 
He  observed  upon  the  paper  *'  four  or 
five  concentric  irises  or  nn^  of  colours 
like  rainbows,  encompassing  the  hole. 
These  rings,  as  they  grew  larger,  became 
fainter  and  diluter,  so  that  the  fifth  was 
scarce  visible.  Yet,  sometimes,  when 
the  sun  shone  very  clear,  there  appeared 
to  be  faint  lineaments  of  a  sixth  and  a 
seventh." 

There  was  a  very  obvious  analogy  be- 
tween these  rings,  and  those  exhibited 
between  the  lenses  in  54.  The  co- 
lours did  not  succeed  each  other  in 
the  order  of  the  reflected  rings,  but  in 
that  of  those  which  were  in  that  case 
transmitted.  In  the  centre,  at  and 
around  0,  was  a  white  round  spot. 
This  was  skirted  or  fringed  with  a  dark 
grey,  which  insensibly  brightened  into  a 
violet  ring.  This  was  followed  by  a 
circle  of  indigo,  one  of  pale  blue,  a 
greenish  yellow,  a  vivid  pure  yellow,  and, 
finally,  a  red,  which  deepened  into  a 
purple  on  the  outer  edge.  Such  was  the 
first  iris  which  surrounded  the  white 
central  spot. 

This  was  encompassed  by  a  second 
series  of  coloured  rings,  of  which  the 
first  was  a  dark  purple,  the  outer  boun- 
dary of  the  red  in  the  former  series. 
This  was  followed  in  succession  by  cir- 
cles of  blue,  green,  yellow,  and  red. 

The  colours  of  the  third  and  fourth 
series  were  green  and  red.  Those  of  the 
fifth  were  so  faint  as  to  be  scarcely  dis- 
tinguishable. 

In  order  to  trace  their  connexion  with 
rings  exhibited  by  air  inclosed  between 
the  lenses,  Newton  now  measured  their 
diameters,  and  found  exactly  the  same 
proportion  subsist  among  them  as  pre- 
vailed among  the  rings  seen  by  trans- 
mission in  that  case.  In  order  to  make 
the  relation  of  these  phenomena  still 
more  manifest,  he  now  transmitted 
through  the  hole  O,  not  a  beam  of  com- 
pound solar  light,  but  of  pure  homoge- 
neous light,  obtained  in  the  usual  way 
by  a  prism.  Transmitting  through  O  in 
succession  each  of  the  colours,  he  ob- 
served the  effects  on  the  screen.  Rings 
now  only  appeared  of  that  colour  which 
fell  upon  the  speculum.  If  the  specu- 
lum were  illuminated  with  red,  the  rings 
were  totally  red  with  dark  intervals ;  if 
with  blue,  they  were  totally  blue,  and  so 
of  the  other  colours.  With  whatever 
colour  they  were  \\i\imTv%X^»^^  «««i^ 
proporUon  submaXed  «xiioti%  Vc«a  ^\%<- 
meters  m  ytm  obs«n«(i  m^^^^KsciiK»« 
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But  If  the  eolonr  wu  varied^  ifaef  Ta-  upon  flie  eoaecre  aid»  bf  fcn  cf»  piMid 

ried  their  magnitude.    In  tiw  red  they  wtthm  it,the  edoun  wmM  be  identieal 

yimn  largest;  In  the  indiffo  and  violet  with  tfaoie  exhibited bf  the oonoanra  ipa- 

leatt ;  aiul  hi  the  intermediate  edoun,  onlum  in  the  present  ease. 

yellow,  green,  and  l)lue,  they  were  of  To  asoertam  whethv  the  aflveriqg 

several  intermediate  siaeft,  answering  to  upon  tiie  back  of  the  speenkun  had  ai^ 

that  colour.  part  in  prodncm^  the  phenomena  of  m 

Hence  it  was  plain,  as  in  the  ease  of  rings.  Newton  tried  the  effeet  <tf  a  aimi- 

tbe  lenses,  that  when  the  speedumwaa  lar  eoncave  ^ass,  witliout  agvering. 

illuminattti  with  white  light,  the  several  The  result  was  the  proddctioo  of  tns 

colours  of  the  rings  were  prodnoed  by  same  rings,  but  with  more  Sunt  aokmn^ 

the  superposition  of  the  rings  wUen  owing  to  the  reflecthiff  power  of  tiie 

were  separately  formed  by*  prqjeotinff  second  suifuse  being  cmnmiafaBd  fay  the 

successively  on  the  speculum  tne  sevmu  want  of  silverine.  It  therefbn  awwaied 

component  elements  of  white  hglit  The  that  the  eiroumnanoe  of  the  faaoK  of  the 

several  tints  of  the  rings  produced  by  speculum  being  silvered,  had  no  etiisr 

the  white  lisht  admitted,  in  this  case,  or  effiBct  than  that  of  inereaongtfaa  iilM> 

being  found  by  such  a  scale  as  was  ea-  titw  of  tlie  ookmrs. 

plained  in  61.  Notwithstanding  the  idantHy  cC  flis 

The  diameters  of  the  corresponding  two  phenomena,  as  well  aa  the  onmpieht 

rings  of  different  colours  varied  with  the  similitude  whidi  existed  betwaen  4is 

refrangibility  of  the  light,  and  varied  mauner  in  which  thev  were  prodnoed, 

exactly  uccordmg  to  tte  same  propor-  Newton  did  not  feel  mmsclf  wanaatoi 

tion,  as  in  the  case  of  the  rings  seen  in  applying  the  theory  of  tfaa  flts  of 

between  the  lenses.  easy  reflection  and  transmiaaion  Jn  a^ 

In  order  to  ascertain  whether  the  eo-  counting  for  them,  until  he  tntaWisiirfl 

lours  seen  upon  the  screen  were  the  thefltetthatthetwosmfiwaaoffliariMS 

mere  effects  of  light  and  shade,  and  not  were  indispensable  for  tlieir  pcodnmn. 

to  be  attributed  to  the  lights  proceeding  Were  it  possible  for  a  sin|^  aqfftwB,i>e. 

from  the  mirror,  Newton  placed  his  eye  the  concave  surface  ahme,  to  piodnes 

where  the  rio^  appeared  plainest,  and  the  phenomena,  this  theory  would  have 

directing  his  view  towards  the  mirror,  he  been  quite  inapphcafak^  and  attogether 

beheld  the  speculum  all  tinged  over  with  inadequate  to  explain  them.    To  redoes 

waves  of  colours,  like  those  seen  be-  this  question  to  the  test  of  experiment 

tween  the  lenses ;  and,  like  these,  the  Newton  procured  a  concaTe  speeohna 

rings  swelled  and  contracted  as  they  of  polished  metal,  which  refleetad  onlf 

were  viewed  more  or  less  obliquely  by  from  one  surface.    On  presenting  tfas 

moving  the  eye  from  or  towards  the  to  the  light,  in  the  same  mmnnmr  aa  the 

centre  of  the  speculum.    A  bystander,  ^ass  speculum,  no  rings  were  prodnoed. 

during  this  experiment,  observed  upon  This  result  was  deebive  of  the  point,  and 

the  eye  of  the  observer  the  same  oo-  proved  that  the  two  surfaces  were  neoes- 

loured  light  as  he  perceived  in  the  spe-  sary  to  the  production  of  the  rings. 

culum.  It  was  plain  that  the  li^t,  rqpUtHg 

On  comparing  the  manner  in  which  reflected  from  the  speculum,  hadnopait 
these  rings  were  produced  with  that  in  in  these  phenomena;  for,  aa  all  the  in- 
which  the  like  phenomena  were  caused,  cident  light  radiated  from  the  oentre  d 
as  described  in  Chapter  VL,  the  only  the  sphere,  it  fdl  perpendieolar  on  the 
difiPerences  which  are  observable  are  the  speculum,  and  was  therefore  refleeled 
thickness  of  the  glass,  and  the  posterior  back  perpendiculari^.  to  the  aame  centra 
surface  of  it  being  nlvered.  The  thin  The  rings,  therefore,  must  owe  thcar  ex- 
transparent  medium,  forming  a  soap-  istence  to  the  light  iir^gularly  acattaed 
bubble,  has  the  same  figure  as  the  spe-  by  the  surfaces  of  the  jslaas^  By  the 
culum  used  in  the  present  case,  with  experiment  already  mentioned  to  gafs 
this  difference,  that  the  colours  are  been  made  with  the  metalEo  ■fWHWilw, 
seen  on  the  convex  side,  whereas,  in  the  it  appeared  that  they  could  not  be  tao- 
pre^ent,  they  are  seen  in  the  concave  du<^  l^  the  light  scattered  by  tfaenr^ 
skle.  This  circumstance,  however,  so  gular  reflection  of  the  first  snrmoa  alone; 
far  from  impairing  the  analogv,  renders  for,  if  that  were  possible,  the  mstailii 
it  more  perfect  when  the  order  of  co-  speculum,  by  the  surfisoe  of  whiah  tin 
lours  is  considered,  for  the  rin^s  are  not  li^t  was  thus  scattered,  would  hava  aa- 
tijo§e  seen  by  reflexion  in  thm  trans-  hibited  them.    The  cause  of  tka   ' 

Pfreat  mediums,  but  by  transmiaaVoiv,    me;xaLN«%a>\)Q»KSnii«^^h«ilDQ|qi 

Hanoe^  if  the  soap-b'ubDle  i?ere  view^  VbA  ^)a^  una^mi^^  MUmiali,  %l  %a 
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fii9Mf  and  leieeUdby  the  posterior  sur-  drdes  between  fhe  luminous  red  ones 

face.     The  nm  thui  irregfularly  re-  on  the  paper.    What  we  have  here  said 

fracted  by  the  nrst  turfisoe  fSl  upon  the  of  red  \\^m  may  be  equally  applied  to 

second  surface  at  various  obliquities,  homogeneous  ughts  of  other  colours ; 

and  were  reflected  by  it  regularly  and  ir-  and,  hence,  will  easily  be  collected  the 

regularly,  so  as  to  return  through  the  cause  of  the  various   colour^I  rin^s 

first  surface  at  various  obliquities.   .  produced  when  the  light  which  emanates 

We  must  here  call  the  recollection  of  mm  the  centre  of  the  speculum  is  com- 
the  reader  to  a  property  of  thin  plates  pound  solar  lifl:ht>  this  eii'ect  being 
already  mentioned.  A  plate  of  a  cer-  nothing  more  than  the  result  of  the  si- 
tain  thickness  reflects  or  transmits  a  multaneous  exhibition  of  the  rings  of 
certain  colour,  the  ms  of  light  being  each  colour. 

perpendicular  to  it  The  rays  being  still  (8 1 .)  Newton  points  out  one  di£Perence 
perpendicular,  every  change  of  thickness  between  the  effect  of  the  speculum  on 
will  produce  a  corresponding  change  of  thelit;ht  and  that  of  the  thin  plates,  de- 
hue  in  the  reflected  ana  transmitted  lights,  scribed  in  Chapter  V II .  In  t  he  latter 
The  very  same  effects,  the  same  shifting  case  the  colours  are  produced  b^  alter- 
of  tints,  which  is  thus  produced  b}[  a  nate  reflections  and  transmissions  of 
change  of  thickness,  the  rays  remaimng  the  light  at  the  second  surface  of  the 
perpendicular,  may  also  t)e  produced  by  plate,  after  one  passage  through  it; 
changing  the  direction  of  tne  rays,  the  but  here  they  pass  from  the  first  surface 
thickness  of  the  plate  remaimng  unva-  to  the  second,  and  then  return  from  the 
ried.  Thus  a  plate  of  a  given  thickness,  second  to  the  first,  there  bein?  either 
at  a  certain  obliquity,  will  transmit  red  transmitted  to  the  screen  or  reflected  to 
light,  at  another  yellow,  at  another  green,  the  silvered  surface,  according  as  they  are 
and  so  on.  Also,  if  a  ray  of  a  particu-  in  fits  of  easy  transmission  oir  reflection, 
lar  colour  gradually  increases  its  obli-  By  measuring  the  diameters  of  the 
quity  from  the  perpendicular  direction,  rings  of  the  difl'erent  lights,  and  com- 
it  Will  be  alternately  reflected  and  trans-  paring  this  with  the  distance  of  the 
mitted  for  many  successions.  screen  from  the  speculum,  Newton  as- 

The  glass  murror  used  in  the  cxperi-  certained  the  obliquities  at  which  the 
ment  to  which  we  now  refer  was*  in  lights  of  difi'ereni  colours  emerged  from 
every  part,  of  exactly  the  same  thick-  the  speculum,  and  thence  denved  tlie 
ness  ;  therefore  the  rings  of  colour  could  angles  at  which  they  were  incident  on 
not,  as  in  the  case  of  the  lenses,  be  the  first  surface  after  reflection  at  the 
ascribed  to  a  regular  variation  of  thick-  second.  On  comparing  these  with  the 
ness.  The  light,  however,  reflected  irre-  obliquities  corresponding  to  the  lights 
gularly  by  the  silvered  surface  of  this  of  omerent  colours  deouced  from  the 
speculum,  encountered  the  first  surface  theoiy  established  in  Chapter  YII.,  he 
after  reflection  at  various  obliquities,  found  a  perfect  accordance. 
Those  rays  which  met  the  first  surface  (82.)  In  order,  however,  to  put  the  mat- 
at  obliquities  proper  for  transmission,  ter  to  a  more  decisive  test,  he  calculated 
were  transmitted  to  the  screen,  where  the  effect  which  the  thickness  of  the 
they  depicted  their  proper  colour,  and  glass  which  formed  the  speculum  would 
those  which  fell  upon  it  at  other  angles  produce  upon  the  diameters  of  the  seve- 
vrere  intercepted.  Thus,  suppose  a  ray  ral  rings,  and  found  that,  according  to 
of  homogeneous  red  light  radiated  from  the  theory  of  fits  of  easy  reflection  and 
the  centre  to  the  speculum,  all  the  re  transmission,  the  squares  of  the  diame- 
sularly  reflected  rays  returned  to  the  ters  of  conesponding  rings  produced 
centre.  Those  which  being  irregularly  by  diij^rent  mirrors  should  be  in  the  in- 
reflected  by  the  second  surface  met  the  verse  proportion  of  the  thickness  of  the 
first  surface  at  obliquities  proper  for  mirrors.  He,  therefore,  procured  ano- 
transmissiun,  were  propagated  m  cor-  ther  speculum,  ground  on  both  sides,  to 
responding  directions  to  the  screen,  the  same  sphere  with  the  former.  Its 
and  they  produced  a  red  tint.  These  thickness  was  A  P<uls  of  an  inch,  and 
rays  being  regularlv  disposed  in  circles  the  diameters  oi  the  first  tliree  bright 
round  the  axis  of  the  speculum,  de-  rings,  measured  l)etween  the  brightest 
picted  circles  of  red  light  on  the  screen,  parts  of  their  orbits,  at  the  distance  of 
and  the  rays  returning  to  the  first  sur-  six  feet  fh>m  the  sUiss,  were  3,  4|,  5^ 
face  at  intermediate  obliquities  not  inches.  Now,  the  tnickness  of  the  otK«t 
beinit  In  fits  of  transmission,  were  in-  glass  being  ^  ol  axi  Vim^v>  ^^  ^^  ^^^ 
terc^rtedL  and  tbns  eaoseil  the  dark  QuckneisoT  ihisaaiVo  ti*  Qc%afk%\A 
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100,000,000,  whi^  nnmbcn  an  xen 
Dearly  m  the  iquarM  iA  17,607  and 


10,000,  and  in  the  prog 
of  thcM  to  the  BecOnd, 
of  the  bright  ringa  nuide  bj  the  thiuMr 
glass,  3,  41,  SJ,  to  the  ifiametera  of  the 
corresponmng  ring*  made  bjr  the  thicker 
glass,  1  \i.  2|,  m.  Thia  pofeotaoeMd- 
ance  of  the  phenomena  with  the  ruulta 
of  theory  was  coniidend  by  Newton  tobe 
conclusive  as  tothe  validity  of  hia  hypo- 
thesis. 

CKApm  IX. 
Erperimentt  on  the  Inflexion  i^LigU. 
(B3.)  In  the  account  of  the  atate 
of  optical  fcience  nefbre  the  time  of 
Newton,  which  was  given  in  the  flnt 
chnpler,  the  discovery  of  the  diffraction 
nr  inflexion  of  light  t^  GrioutUi  waa 
noticed.  This  phenomenon  was  too 
striking  to  escape  the  attention  of 
Newton.  He  accordingly  institnted  some 
experiments  with  a  view  to  the  investi- 


gation of  thia  ^rap«tf  j  hot  he  bhbb  wt 
to  havB  had  kianra  or  uxdinatiad  to  pqi^ 
ana  the  aubjeot  to  aa  gnat  m  flxtn^  or 
oftheflrat  to  obtain  iwiha  aoaafafaotorraa  those 
whioh  have  been  disenaaad  in  thtpai^ 


aa  well  aa  aome  other  mattava  a 
with  phyiical  adenoe  in  fiiiiiiial.  aid 
with  the  phenomena  of  haat  and  lighk 
particular,  he  propoaea  in  the  ftemof 
queries.  He  states  that  be  «m  jntm- 
rupted  in  hia  investigatiaa^  tintbeaiaU 
not  hflctwanls  thmk  of  -tikfag  IImm 
things  into  fiirtho-conndcratiga;  Hid  aa 
he  lud  not  finished  his  dMgB, '  be  laaiw 
these  queries,  in  ordo:  to  a  flnthK  BMidk 
to  be  made  by  otheti. 
The  expermenta  wh'-^ 

to  the  diaoovery  of  i 

tbllowii^.    llnouj^  a  small  ancrtua 
AB  (fig,  61)  he  adnittHl  a  iMn  of 
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light  into  a  dark  room.  He  observed 
that  the  light  thus  admitted,  spread  itself 
in  the  form  of  a  cone,  and  illuminated  a 
laree  portion  of  a  screen  C  D,  held  per- 
pendicular to  its  direction,  and  at  some 
distance  from  the  hole,  the  illuminated 
part  of  this  screen  increa.-<ing  with  the  in- 
crease of  distance.  When  an  opaque 
body  E  F  was  held  in  the  hght  so  as  to 
cast  a  shadow  on  the  screen  C  D,  this 
shadow  was  found  to  be  much  la^^r 
than  it  would  have  been  if  the  light  had 
pas.sed  the  edges  of  EF  in  right  lines. 
From  B  draw  the  straieht  line  BFG 
and  from  A  the  line  A  EH.  Also  from 
A  dravi  the  right  line  A  F  I,  and  from  B 
the  right  line  BEL.  Now,  if  the  light 
passes  the  edges  of  £  F  in  right  lines. 
It  is  plain  (hat  the  space  GHwiUbe 
altogether  deprived  of  light,  and  that 
from  the  limits  G  H  to  I  and  L  respec- 
tively there  will  be  ft  partial  orpenumbral 
illumination ;  but  that  beyond  the  limits 
1  L,  the  illumination  of  the  screen  will  be 
a«  eooiplelc  as  if  the  opaque  object  Y.  Y 
were  not  present    Tha  vias,  aoireNw, 


Rg.it. 


found  not  to  be  the  (act.  Cor  tba 
extended  bevond  I  and  L  to 
as  M  and  l4. 

Beyond  this  shadow, 
and  sVirting  it,  Grimaldi 
observed  three  coloured 
fringes,  the  broadest  and 
brigntest  of  which  was 
next  the  shadow.  If  X 
(Jig-  ^^)  i^resent  the 
(dge  of  the  shadow,  the 
space  N  N  was  bive,  M 
was  colourless,  and  0  O 
red.  In  the  second  fringe,  ^  vo  irt  v 
Q  Q  was  faint  blue,  F  cokwrlett,  and 
RRred.  lliis  fringe  was  narrower  than 
thefirstand  morefaint.  ThethinI(iin|Ea 
T  T,  S  <ind  V  V,  was  similar  to  the  odur 
two,  but  still  narrower  and  bintCT. 

When  the  opaque  body  haa  a  aaKnt 
angle  as  D  (J^.  53),  the  fringeamn 
arched  round  it,  and  at  a  I*  tiitiaiJ 
ai^le  Ih^  intersected  each  other  as  at  (X 

NewtoitreDealed  and  varied  thai  <fr 
penmentt  of  GrimakU.    He  iMMd'l 


^^l&e■A^««&v^&^ttl,  t 
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in  it.  the  diameter  of  which  nas  the 
i)2ndptirt  of  an  inch.  'Hiraugh  this  hole 
he  axlmitted  %  heam  of  the  sun's  li^ht, 
nnd  found  that  the  ahadom  of  hairs, 
pins,  straws,  and  such  slender  sub- 
iitances,  appeared,  when  rei:etved  upon 
a  screen,  to  Ik  much  larger  than 
they  would  be  if  the  light  passed  their 
edifsa  in  unbroken  straight  lines.  A 
humnn  hair,  the  breadth  of  which  was 
t  he  L>3  Dth  of  an  inch,  held  at  1 2  feet  ftvm 
the  lioW,  cast  a  sliadow  upon  a  screen 
held  at  4  inches  from  it,  which  was  the 


60th  part  of  an  inch  broad,  that  is,  above 
four  times  broader  than  the  hnir.  Like 
eifects  were  obsurvable  with  other  opaq  »<: 
bodies  and  at  aJl  distances. 

Th?s«  effects  were  found  tn  be  enlirely 
independent  of  the  refractive  power  of 
the  air,  or  ofthe  nature  of  the  body  whose 
shadow  was  formed.  When  the  hair  was 
surrounded  with  moisture,  or  inclosed 
with  a  liquid  between  glass  planes,  the 
effect  was  the  same.  The  scratches 
made  on  glass,  and  the  veins  in  plates 
of  that  material,  produced  shadows  of 
the  same  liind.  Thus  whatever  was  the 
orijdn  of  this  effect,  it  was  evident,  that 
it  did  not  proceed  from  the  refractive 
powers  of  bodies,  nor  on  any  quality 
connected  with  the  nature  oi'  properties 
of  bodies  of  particular  species. 

The  way  in  which  Newton  conceived 
the  rays  to  be  affected  in  passim;  the 
t>ody  may  he  thus  explained.  I.tt  X 
(Jig.  54)  be  a  section  ot^the  hair  at  right 


andes  toils  length.  LetAD,BE,CF, 
KN,  1.0,  MP.  be  rays  of  lieht  ap- 
proachinic  the  hair  in  parallel  direclicns. 
i  he  ray  A  D  is  deflected  at  D  in  the  di- 
rection D  G,  and  falls  upon  the  screen  at 
G.  In  like  manner  the  ray  K  N,  at  the 
same  distance  below  the  hair,  isdeflected 
in  the  direction  N  Q,  meeting  the  screen 
at  Q.  Newton  siipposei  that  the  force 
which  deflects  the  liKht  diminishes  as  the 
distance  from  the  hair  increases.  Con- 
sequently, the  rays  B  E  and  L  0  will  be 
less  deflected  than  AD  and  K  N.  and 
their  deflected  directions  E  H  and  OR 
will  cross  those  of  the  nearer  rays,  ifthe 
screen  lj«  sufficiently  distant  from  the  hair. 
In  like  manner,  the  more  distant  rays 
C  F  and  M  P  will  be  still  less  defiecled, 
and  will  also  cross  both  the  last  rays. 
This  continues  until  the  distance  of  the 
ray  from  the  hair  becomes  so  great,  that 
the  deflecting  power  is  lost,  and  the  rayt 
proceed  in  straiidit  lines  to  the  paper  aa 
T 1  and  VS.  TtitM,  rays  at  I  and  S 
bound  th<  ahadow,  and  at  the  hair  in- 
clude wiUuPthcm  ttwdgfloetod  nyt,  tU 


of  which  they  murt  cross  between  the 
hair  and  the  screen. 

The  continued  intersections  of  the  de- 
flected rays  with  each  other  belween  the 
hair  and  the  screen  form  curves,  whicti 
arc  concave  towards  the  shadow,  and  the 
distance  between  which  increases  as 
the  distance  lirom  the  hair  increases.  It 
is  evident  also  that  the  illuminated  space 
on  the  screen,  immediately  beyond  ihu 
boundaries  L  S  of  the  shadow  is  exposed 
lathe  lisfht  of  the  deflected  rays  between 
TI  or  VS  and  the  hair,  as  well  as  tu  the 
direct  rays  which  proceed  without  T 1 
and  V  S  and  parallel  to  them. 

The  shadows  of  bodies,  such  as 
metals,  stones,  glass,  wood,  horn,  ice, 
&c.,  exposed  to  Tight  in  this  way,  were 
skirted  with  three  coloured  fringes.  The 
colours  observed  bv  Newton  in  these 
fringes  were  as  follows:  the  first  or 
innermost  fringe  was  violet,  deep  blue, 
light  blue,  green,  yellow,  nnd  red,  The 
second  and  third  fringes  which  iramfr- 
diataly  succeeded  ttua  ^w«  ^A^»,  ^*i- 
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sics,  which  cannot  properly  find  a  place  natural  philosaphjr  is  to  argue  from  pbe- 
here.  To  this,  however,  we  must  make  nomena  without  feigning  hypothe8es,and 
exception  of  that  (the  26th)  in  which  to  deduce  causes  from  entets  until  we 
he  points  out  the  polarity  of  light,  to  come  to  the  very  First  Cause,  which  cer- 
the  merit  of  having  first  Suggested  which  tainly  is  not  mechanical;  and  not  onlr 
he  has  an  undoubted  rifi:ht.  "  If  the  to  unfold  the  mechanism  of  the  worldL 
planes  of  perpendicular  refraction  of  one  but  chiefly  to  resolve  these  and  such 
piece  of  Iceland  spar  be  at  right  angles  like  questions :  What  is  there  in  places 
with  those  of  another,  the  rays  wmch  almost  empty  of  matter,  and  whence  ii 
are  refracted  after  the  usual  manner  by  it  that  the  sun  and  planets  gravitate  to- 
tlie  first  crystal  will  l)e  all  refracted  wards  one  another  without  dense  mat- 
after  the  unusual  manner  in  passing  ter  between  them  ?  Whence  is  it  tbit 
through  the  second  crystal ;  and  tne  rays  nature  doth  nothing  in  vain  ?  ami  wboiee 
which  are  refracted  after  the  unusual  arise  all  that  order  and  beauty  wfaJeh 
manner  in  passing  through  the  first  we  see  in  the  world  ?  To  what  end  are 
crystal  will  be  all  of  them  refracted  comets,  and  whence  is  it  that  plaiwto 
after  the  usual  manner  in  passing  move  all  in  one  and  the  same  in§ 
through  the  second."  Hence  Newton  in  orbits  concentric,  white  eooMls 
concluded,  that  the  rays  have  sides,  pos-  move  in  all  manner  of  w&ys,  in  oitii 
sessing  different  properties,  in  virtue  of  excentric ;  and  what  hinder*  the  find 
which  they  will  be  differently  refracted,  stars  from  falling  on  one  another?  Hev 
according  to  the  direction  in  which  the  came  the  bodies  of  animals  to  be  eon- 
crystal  is  presented  to  them.  If  the  trived  with  so  much  art,  and  fir  whit 
ray  be  successively  transmitted  through  ends  were  their  several  iMUts  ?  Was  Am 
two  crystals,  and  is  placed  in  the  same  eve  contrived  without  skill  mopitiei,ad[ 
manner  with  respect  to  the  planes  of  the  ear  without  knowledge  of  aouadi? 
both,  it  will  be  refracted  in  the  same  How  do  the  motions  ot  the  bodr  fBl> 
manner  by  both ;  but  if  that  side  of  low  from  the  will,  and  whencie  is  toe  n- 
the  ray  which  looks  towards  the  coast  stinct  of  animals  ?  Is  not  the  sawoiT  sC 
of  unusual  refraction  in  the  first  crys-  animals  that  place  to  which  the  sMiMttn 
tal  be  at  right  angles  with  that  side  substance  b  present,  and  into  which  the 
of  the  same  ray  which  looks  towards  sensitive  species  of  thinn  are  eanied 
the  coast  of  unusual  refraction  in  the  through  the  nerves  and  ue  brain,  that 
second  crystal,  the  ray  shall  be  re-  there  they  may  be  percdved  by  thw 
firactcd  after  several  manners  in  seve-  immediate  presence  to  that  snbstanee? 
ral  ciystals.  There  is  nothing  more  And  these  things  being  ligfaH^  dii- 
required  to  determine  whether  the  rays  patched,  does  it  not  appearfrom  pht> 
of  light,  which  fall  upon  the  second  crys-  nopiena,that  there  is  a  Beuig  incofpoted, 
tal,  shall  be  refracted  after  the  usual  or  livins:,  intelligent,  omnipresent^  who»  in 
after  the  unusual  manner,  but  to  turn  infinite  space,  as  it  were  in  his  aensorr, 
about  this  crystal,  so  that  the  coast  of  sees  the  things  themselves,  intUnatw 
its  unusual  refraction  may  be  on  this  and  thoroughly  perceives  them,  sal 
or  on  that  side  of  the  ray.  And  there-  comprehends  them  wholly  by  their  m* 
fore  every  ray  may  be  considered  as  mediate  presence  to  himself;  of  which 
having  four  sides  or  quarters,  two  of  things  the  images  only,  carried  through 
which  opposite  to  one  another  incline  the  the  organs  of  sense  into  our  little  si^ 
ray  to  be  refracted  after  the  unusual  man-  soriums,  are  there  seen  and  bdidd  bf 
ner,  as  often  as  either  of  them  are  turned  that  which  in  us  perceives  and  thinkit 
towards  the  coast  of  unusual  refraction.  And  though  every  step  in  this  phikMO- 
and  the  other  two,  whenever  either  of  phy  brings  us  not  immediately  to  tha 
them  are  turned  towards  the  coast  of  knowledge  of  the  First  Cause,  yet  ft 
unusual  refraction,  do  not  incline  it  to  brings  us  nearer  to  it,  and  on  that  ae- 
be  otherwise  refracted  than  after  the  count  is  highly  to  be  valued.  •  •  •  • 
usttal  manner.  The  first  two  may  And  if  natural  philosophy  in  all  its  paid 
therefore  be  called  the  sides  of  unusual  shall  at  length  be  perfected,  the  boanb 
refraction.  of  moral  philosophy  shall  also  be  CB- 
We  cannot  better  conclude  the  rapid  larged.  For  so  far  as  we  can  know  by 
sketch  which  we  have  attempted  to  give  of  natural  philosophy  what  is  the  Fifft 
this  extraordinary  production  of  human  Cause,  what  power  he  has  over  ns  asi 
genius,  than  by  quoting  some  precepts  what  benefits  we  receive  firom  hir  ~* 
which  have  been  most  admirably  illus-  far  our  duty  towards  lum  as  wellai 
frsited  in  the  works  of  this  iWusltnous  \.oii«x^^  one  vmAVmt^  will  appear  to 
philosopher.    "The  main  business  ot   \>^  V\»Vk!^\.o\t«tosa»r 
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Introduction.  mathematics,  and  to  describe  the  im- 
proved state  in  which  the  more  ira- 

construction    of  optical    instru-  portant  are  adapted  to    their  several 

I  has,  in  almost  every  instance,  purposes.    The  various  modes  in  which 

lated  with   eminent  philosophers  many  instruments,  not  differing  in  their 

mathematicians.      Tlieir    gradual  principle  and  end,  are  mounted,  depend 

:^tion  has  been  a  natural  result  of  upon  the  varying  taste  of  the  artist,  the 

ifficulties  which  were  presented  to  caprice  of  fashion,  or  the  demands  of 

)rogress  of  discover)',  by  the  in-  luxury.    Any  minute  details  of  the  ex- 

nt  and  inaccurate  means  which  ternal  parts  of  the  instruments  would 

;e  possessed ;  and  thus,  the  same  be  therefore  perfectly  useless.     Indeed, 

mmds  that  have  struck  out   and  the  external  parts  of  tlie  ordinary  in- 

led  vast  and  splendid  ideas  in  their  struments  can  be  much  better  under- 

ti^ations  of  nature,  have  only  been  stood  by  an  inspection  at  the  opticians* 

ed  to  follow  up  their  own  concep-  shops,  than  in  volumes  of  description, 

by  applying    themselves  to  tlie  So  indifferent  is  the  outward  form  of 

ical  improvement  of  the  instru-  the  common  instruments,  that  makers 

3  with  which  they  had  commenced  living  even  in  the  same  neighbourhood 

discoveries.     For  instance,  we  are  vary  as  much  in  their  mountings  as  the 

ted  to  Newton  for  the  construction  artists  of  London  or  Paris.    We  shall, 

» first  reflecting  telescope  that  was  therefore,  confine  our  observations  to 

nade,  although  the  idea  had  been  the  essential  parts  in  the  construction 

)usly  suggested  by  Dr.  Gregory,  of  particular  mstruments,  passing  over 

enhoek,  one  of  the  most  assiduous  their  accidental  varieties  of  mounting ; 

alists  of  his  day,  carried  on  his  — in  the  same  way  that   the  anato- 

IS  researches  in  the  animal  and  mist  s^^eaks  of  the  yarious  parts  of  the 

ible  economy,  with  microscopes  human  body,  without  enquiring  whether 

by  his  own  hands.    The  late  Dr.  the  sufyect  upon  which  he  has  made  his 

;hel,  whose    astronomical  disco-  observations  was  dark  or  fair,  tall  or 

;  were  the  result  of  the  profoundest  short. 

^matical  knowledge,    consti*ucted        The  ancients  seem  to  have  been  but 

nost    powerful    telescopes    ever  little  acquainted  with  dioptrical  instru- 

n,  whicn,  like  the  Ciregorian,  bear  ments,  or  those  by  which  the  light  is 

Lme  of  their  inventor.    Indeed,  the  refracted  and  transmitted ;  from  their 

iry  makers  of  optical  instruments  earliest  history,  however,  tliey  appear 

)een  often  men  of  considerable  sci-  to  have  been  conversant  with  the  laws 

!  attainments ; — and  it  is  from  this  of  the  reflection  of  objects  from  the  sur- 

of  a  theoretic  and  practical  know-  face  of  water  and  polished  metals,  or 

that  these  instruments,  as  is  the  that  department  of  optical  science  called 

vith  almost  every  other  important  catoptrics.  The  first  application  of  their 

ion  and  improvement,  have  been  knowledge  ofthis  branch  of  science.with 

cted  to  their  present  very  high  which  we  are  acquainted,  is  that  of  the 

of  perfection,  in  an  almost  un-  burning  mirrors  employed    by  Archi 

1  adaptation  to  all  the  purposes  of  medes,  a  philosopher  of  Syracuse,  about 

e,  and  all  the  wants  and  luxuries  200  years  before  the  Christian  era,  who, 

imon  life.  at  the  siege  of  that  city,  by  Marcellus, 

he  limitetl  extent  of  this  treatise  the  Roman  Consul,  employed  them  to 

tical  Instruments,  the  chief  object  destroy  the  besieging  navv.    Tlie  me 

•e  to  point  out  the    principle  of  thod  by  which  this  wa«%  \«o\j«\Asw»Q.xa- 

constructioD^  freed  from  technical  plishcd  is   0\ua  deacroe^V*^  VBaYC\%\ft« 
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rian  Tzefies :-— "  When  the  fleet  of  Mar- 
celhis  was  within  bowshot,  the  old  man 
Archimedes  brought  an  Hexagonal  mir- 
ror, which  he  had  previously  prepared, 
at  a  proper  distance  from  wmch  he  also 

1>laced  other  smaller  mirrors  of  the  same 
kind  that  moved  in  all  directions  on 
hinges,  which  when  placed  in  the  sun's 
rays  directed  them  upon  the  Roman 
fleet,  whereby  it  was  reduced  to  ashes." 
We  are  also  informed  that  Proclus  in 
"the  same  way  destroyed  the  fleet  of 
Vitalian  at  the  siege  of  Byzantium. 

C  H  APT  E  R I . — Mirrors — Plane  Looking' 
Glasses — Concave  Mirrors — Burning 
Mirrors — Convex  Mirrors. 

(1.)  Mirrors  are  surfaces  of  polished  me- 
tal, or  glass  silvered  on  its  posterior  side, 
capable  of  reflectins:  the  rays  of  light 
from  objects  placed  before  them,  and 
exhibiting  to  us  their  imajje.  There  are 
three  classes  of  mirrors,  distinguishable 
by  the  figure  of  their  reflecting  surface. 
These  are  plane,  concave,  ^ml  convex, — 
The  reflection  of  light  by  cither  of  these 
mirrors  ol>serves  this  constant  law,  that 
the  angle  which  the  incident  r.iy  makes 
with  the  reflecting  surface,  is  ecjual  to 
the  angle  of  reflection.  We  may  exjilain 
this  law  by  a  figure.  Let  c  d,  {Jif^.  1 .) 
l)e  a  section  of  the  reflecting  surtacc  : 


our  common  experience,  which  1< 
to  expect  the  object  to  be  in  the  di 
in  wmch  the  rays  come  to  our  e\ 
stead  of  in  the  real  place  of  the' 
The  illusion  is  so  complete,  that  < 
tic  animals,  when  viewing  tbemsc 
a  looking-glass  for  the  first  time 
have  their  passions  strongly  e 
When  a  person  is  viewing  him 
a  looking-glass,  if  he  measure  t 
which  he  appears  on  tlie  gla 
image  will  be  one  half  his  real  i 
tude,  let  his  distance  from  the  g 
in  any  manner  varied.  For,  as 
stated  above  that  the  image  a 
behind  the  glass  exactly  at  the  sai 
tance  as  the  object  is  before  it,  i 
be  evident  that  as  the  mirror  is  hi 
between  him  And  his  apparent  in 
will  cut  in  half  the  cone  of  rays 
proceed  fi*om  his  im.ige  to  his  eye 
IS  shown  inyf^.  2,  where  c  d  is  a  i 

Fig.  2. 


■<o 


•;.. 


••'.: 


0  an  object  before  the  mirror ;  and  O  a 
rays  proceeding  to  the  surface  in  the 
pomt  a.  The  angle  O  ac  which  the  rays 
make  with  the  surface  of  the  mirror  is 
called  the  angle  of  incidence ;  and  the 
direction  in  which  an  obsener  will  see 
the  object  O  in  the  mirror  at  a,  must  be 

1  a,  the  angle  of  reflection  lad  being 
equal  to  the  angle  of  incidence  0  a  c. 
If  we  suppose  O  I  to  be  two  persons 
viewing  each  other  in  a  ])lane  mirror  or 
looking-glass  c  d,  the  direction  in  which 
each  observeth  the  other  at  the  point  a  is 
a  0  or  a  i,  but  the  apparent  place  of  their 
images  will  be  behind  the  glass  at  the 
point  t  or  o,  the  distance  behind  corres- 
ponding with  that  of  their  situation  before 
the  mirror.  Tim  deception  proceeds  from 


of  a  plane  mirror  or  looking-glas 
a  ^  the  face*  of  ii  person  viewing  h 
in  it ;  now  rays  from  every  part 
face  fall  upon*  I  he  reflector,  from 
they  arc  sent  to  the  eye,  forming  i 
of  rays  \\lu)se  apex  enters  the  j 
consL-quonily,  as  this  cone  is  cut  1 
glass  lialf  way  between  the  apex  { 
base,  which  h{u>:e  is  himselr,  (he 
sure  of  the  lino  efwiW  bo  half  of 
{'2.)  Cannwo  ^[irrorfi  ai-e  those ' 
polished  surfat'es  are  spherically  h 
The  proi)erties  of  these  miiTors  m 
easily   understood,   when  we   ooi 
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their  Riiifacc  as  composed  of  an  indeiinile  of  littfht  at  the  focus  of  ViUette's  mirror 

luimborofsmallplancsall  of  which  make  was  0.358  of  an  inch,  and  tlie  diameter 

ji  (h'tcrminate  Angle  with  each  other,  so  of  the  miiTor  47  inches ;  hence  the  area 

as  fo  throw  all  the  rays  t^  a  point.   (See  of  these  circles  was  as  0.3583  to  47% 

Jiir.  3.)     lA't  a  6  c  be  a  concave  mirror,  that  is,  the  intensity  of  the  sun's  rays 

and   let  d  he  the  centre  of  curvature,  was  increased  17257  times  at  the  focal 

and  o  o  o  rays  of  lii^lit  from  a  distant  point.    The  loss  of  light  occasioned  in 

o!»i(Tt  (tlie  cross  in  the  wood-cut  must  passinj?  through  the  medium  of  which 

W  snp])os(^d  at  a  considerable  distance)  the  lens  is  composed,  together  with  that 

fallini:  on  the  mirror  at  «  b  r,  making  lost  by  reflection  from  the  surface  of 

ditiereiit  ani^les  with  its  surface;   these  mirrors,  must,    however,  be  di'ducted 

rays  when  n'flecte<!  at  equal  antrles  to  from  this  theoretical  calculation.     See 

tbi'ir  incidence,  a**  may  be  seen  by  the  Photometers. 

dotli'd   lini's  wliich  are   perpendicular,  Concave  mirrors  afford  many  curious 

will  meet  in  a  point  /,  called  the  focus  and  pleasing  illustrations  of  their  pecu- 

of  the  mirror,  where   an  image   of  the  liar  properties.     For  example :— wnen  a 

object  will  be  formed  in  an  inverted  ])0-  person  stands  in  front  of  a  concave  mir- 

sitiun.    The  distance  of  this  focal  point  ror,   a  little  further  from  its   surface 

from  the  surface  of  the  minor,  when  the  than  its  focus  (or  half  the  radius  of  iis 

curvature  is  moderate,  will  be  equal  to  concavity),   he  will   obser\'e    his    own 

half  its  radius  (/ 6.    The  importance  of  image   pendant  in  the  air  before  him, 

concave  mirrors  in  the  construction  of  and    in     an    inverted    position  :     this 

reflectini:  telescopes,  in  wliich  construe-  image   will   advance   and  recede  with 

fion  they  are  commonly  called  specula,  him ;  and,  if  he  stretch  out  his  hand, 

will  Ihj  shown  hereafler'under  that  bead,  the  image  will  do  the  like.     Exhibitions 

The  employment  of  concave  miirors  have  been  brought  before   the  public 

in  collecting  the  heat  of  the  sun's  rays  in  which  a  singular  decepticm  was  ob- 

froui  the  whole  of  its  surfiice  to  a  single  tained  ))y  a   large  concave  mirror.    A 

point,  thus  accumulating  a  very  great  man  being  placed  with  his  head  down 'i 

degree  of  beat,  for  the  combustion  and  wanis,   in  its  focus  an  erect  image   of 

fusion   of  various   natural   substances  him  was  exhibited,  while  his  real  per- 

Ihat   are  infusif)le  in  tlie  greatest  heat  son  was  concealed,   and  the  place  of 

capable  of  being  produced  from  ordi-  the  mirror  darkened ;    the   spectators 

luivy  fire,  may  be  exem])lified,  amongst  wTre  then  directed  to  take  a  plate  of 

tliose  of  moiiern  date,   by  the  burning  fruit  from  his  hand,  which  in  an  instant 

mirror  of  M.deVillette.    The  diameter  was  dexterously  changed  for  a  dagger. 

of  this  metal  speculum  was  3  feet  11  or  some  other  dangerous  weapon. 

inches,  and  its  focal  distance  or  point/  (3.)  Convex  mirrors  are  chiefly  em- 

from  the  surfac4»  was  3  feet  2  inches.  Tlie  ployed   as   ornaments    in    apartments, 

composition  of  this  metal   was   of  tin  The  objects  viewed  in  these   are  dimi- 

am  I  copper,  which  reflects  the  light  very  nished,  but  seen  in  an  erect  position; 

powerfully,  and  is  capable  of  a  high  de-  the  images  appear  to  emanate  from  a 

gree  of  polish.    When  exposed  to  the  point  behind  the  mirror;    this  point, 

rays  of  the  sun,  by  I)rs.  Harris  and  De-  which  is  its  focus,  will  be  half  the  radius 

sogidiers,  a  silver  sixpence  was  melted  of  convexity  behind  their  surface,  and 

in  7  J  seconds  when  placed  in  its  focus;  is  called  the  negative,  or     imaginary 

a  copper  halfpenny  melted  in  16  seconds  focus,  because  the  rays  arc  not  actually 

and  liquefied  in  3 1   seconds ;   tin  was  collected  as  by  a  concave  mirror,  whose 

melted  in  3  seconds  ;  and  a  diamond,  focus  is  called  real.* 

wcighing4  grains,  lost  |lbs  of  its  weight*. . 

The  intcnsitv  of  beat,  obtained  by  ))Urn-  f**et  tH-tau<-e.    TliiH  mmhine  had  the  coorenimce of 

ing  min-ors'or  lenses,  will  always  be  as  ^^'^niinic  J"«^n*'iriU.or  jiori2oiitaiiya(pk.ft>ur,r,eiich 

.,  ^                  -    ..            n      A-                I  (.peculHin  l«ingnioveal,le,  oo   at,  by   ||,e  tiifaiM  of 

the  area    of    \hv.    reflcctmg   SUrtace    ex-  ihre.'  screws,  to  b«»  wt   to  a  proper  iD.-lination  for 

posed   to  the  sun    is    to   the  area   of  the  d'Terlin^  thrniys  towar-U  auy  given  ji.)int.    It  thus 

invill    I'irclp    nf    li«rht    nnlli.Mi.rl    in    Wc  turnetlenhpr  in  it«  greater  fwu,  cr  in  any  nearer 

sni.Ul    tircie    OI     nghl    COUeClea    m    its  interval,  |o^»e•sing  thi«  great  unperiority  ow  com- 

focus;   thus,  the    diameter   of    the    spot  moa  biimiugg!aw.e»  whme  fori  are  tixrU  audileter- 

nilnt'il.     Haifiin  at  another  time  burnt  Woo«l  at  th« 

■  distance  oi  more  than  ISO  feel,  and  iilvor  wai.  fvied 

•  Thrl-nrnins  mirnir  constructed  by  6mntHutrun.  .V^*/:*t     ^J^  »h' «rtirlo  Baming  Apparalui,  1b 

wan  a  |».-lyl.-.hon.6  li'.-l  bn):id  and  as  iii.iny  high,  eon-  *"■  tdinborgh  Enclyclop»dia. 

stating  of  iCH  siiiall  mirrooi,  orflat  piecen'of  liioking-  •  The  reflecting  MurfaccH  of  cvhndfrs  hare  Lcca 

irla>».  f-ach  6  inches  tMiuan^     By  mcanii  of  this  instm-  occa^ionaUy  used  in  optical  amuNeinent«,  for  rea^t> 

Bjent,  with  the  faint  rar*  of  the  kun  in  the  uionth  of  ing  aaaiwifTiAoMf  (^dittoTted  ot  Motim^  V^VuvC^^ 

Mttrch,  ht  MtOD  lira  board*  of  beech  wood  at  150  thtir  proper  ibftp*  ii\MiLt«AftC\«&li«n^'wa««3A»M« 
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Craptbr  II.— 2>fw^« — Burning  Lensei 
— PolyzQnal  Lenses. 

Lenses, — (4.)  A  lens  is  any  transparent 
substance,  as  glass,  crystal,  water,  or 
diamond,  havinj?  one  or  both  of  its  sur- 
faces cun'ed  to  collect  or  disperse  the 
light  transmittetl  by  it.  The  lenses  in 
general  use  are  marie  of  glass,  and  are 
usually  called  magnifying  glasses.  Glass, 
however,  does  not  possess  a  greater 
share  of  the  magnifymg  property  than 
other  transparent  substances.  In  fig,  4, 


there  are  six  differently  shaped  lentei« 
shown  in  section.  A  is  called  a  planod 
convex,  from  having  one  side  flat,  and 
the  other  spherically  rounded.  B  is  a 
double  convex,  and  nas  both  sides  ^he- 
rically  rounded.  When  these  sides  are 
unequally  curved,  as  at  C,  it  is  termed 
a  crossed  lens.  D  is  a  plano-concave, 
having  one  side  spherically  hollow.  B 
is  a  double  concave  with  both  sides 
hollow.  F  is  a  Meniscus  (so  called 
from  its  moon  shape),  and  has  one  side 
convex  and  the  other  concave. 


Fig  A. 


(5.)  Tlie  passage  of  light,  when  trans- 
mitted by  a  piano-  .onvex  lens,  is  shown 
mftgs.  5  and  6.  Let  A  {fig,  5.)  represent 


Fig>^- 


Z^^'- 


a  section  of  the  lens,  and  B  an  ob|ect  at 
an  infinite  distance,  as  a  star  (m  the 
figure  a  cross  is  placed  to  assist  the 
conception).  Now,  the  lines  from  B  to 
A  will  represent  the  rays  proceeding 
from  every  part  of  the  object  B,  to  every 
portion  of  tne  surface  of  the  lens  A,  and 
from  the  distance  of  the  ol^ect  they 
will  be  parallel  to  each  other.  Only  five 
rays  are  drawn  in  the  figure,  to  prevent 
confusion ;  but  it  should  be  constantly 
remembered  that  the  light  strikes  every 
part  of  the  lens.  The  first  surface  of 
the  lens  next  the  object  B  is  flat ;  and 
as  all  the  rays  fall  perpendicularly  on 
it,  and  the  ai traction  on  each  side  of 
tlie  rays  is  cijual,  they  will  pass  on  in 
their  nght-lined  direction,  till  they  meet 
the  curved  suiface  of  the  lens,'  when 
all  the  rays  will  be  bent  or  refracted,  so 
as  to  meet  in  a  point  F,  called  the  focus 
of  the  lens ;  but  the  central  ray  being 
IMspendicuIar  to  the  curved  surface  is 


not  bent.  This  constant  law  of  refrac- 
tion, or  l>ending,  is  always  observed  by 
rays  of  light  in  their  passage  from  one 
medium  to  another  of  different  density, 
whose  surface  is  oblicpie  to  their  direc- 
tion ;  and  the  rays  of  light  in  passing 
from  a  dense  medium,  as  glass,  &c. 
into  a  less  refractive  medium,  as  air, 
will  be  bent  so  as  to  form  a  greater 
angle  with  a  perpendiular  to  that  sur- 
fUce,  than  it  had  at  fu*st.  Let  the  dott(:d 
line  c  ri  be  a  perpendicular  to  the  sur- 
face of  tlie  lens  at  the  point  e.  Now, 
the  angle  ae  c^  called  the  angle  of  inci- 
dence, is  less  than  the  angle  Fe  d^  called 
the  angle  of  refraction,  as  is  shown  by 
continuing  the  ray  a  to  t. 

(6.)  But  whenever  hght  strikes  anob- 
hque  surface  in  its  passage  from  a  rare 
medium,  as  air,  to  a  denser,  as  glass,  it 
will  be  refracted  nearer  the  perpendi- 
cular, as  shown  by  jger.  6,  in  which 
the  lens  is  reversed.  The  ray  of  lij;ht 
a  ^  is  there  bent  nearer  the  perpendicu- 
lar c  rf,  as  shown  by  the  dottcil  line 
e  r,  and  when  this  ray  is  transmitted  by 
the  plane  side,  it  will  be  refiucted  to  F, 
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making  a  greater  angle  with  the  perpen- 
dicular to  the  flat  sule,  as  it  now  enters 
a  rarer  medium. 

(7.)  If,  instead  of  supposing  the  object 
at  an  infinite  distance,  and  consequently 
a  ])oint,  we  imagine  it  removed  to  some 
fuiite  distance,  a  like  action  in  a  pro- 
]H>rtional  degree  will  be  observed,  only 
the  object  will  not  be  reduced  to  a  point, 
but  its  image  will  be  formed  at  F,  whose 
size  is  equal  to  the  angle  under  which 
the  object  would  be  seen  without  the 
lens.  Let  a  c  (/ig.  7.)  be  the  object, 
and  b  the  lens:  now,  this  object  will 
subtend  the  angle  a  b  c  from  every 
portion  of  the  lens,  and  an  inverted 
linage  d  e  will  be  formed  under  the 
equal  angle  dbe;  for  whenever  right 
lines  intersect  each  other,  the  opposite 


angles  are  always  equal.  This  expert  • 
ment  may  be  proved  by  a  common 
convex  glass  lens.  Suppose  the  distance 
of  the  focal  point  is  six  inches,  and  the 
lens  two  inches  in  diameter,  the  image 
of  a  distant  object  may  be  seen  on  a  wall 
when  the  lens  is  held  a  little  more  than 
its  focal  length  from  it ;  then  let  the  size 
of  the  image  be  measured :  now  remove 
the  lens,  and  measure  the  apparent  size 
of  the  object,  while  the  eye  of  the  ob- 
server is  in  its  place,  taking  the  distance 
of  the  focus  of  the  lens  for  the  point  of 
measurement,  and  it  will  be  found  of 
the  same  size  in  both  cases.  If  a  wafer 
is  made  to  adhere  to  the  surface  of  the 
lens,  so  as  to  stop  a  portion  of  the  light, 
the  size  is  not  altered,  but  the  image 
will  be  formed  less  bright. 


Fig.  7. 


(8.)  When  an  object  is  placed  in  the 
focus  of  a  lens,  the  rays  diverging  from  it 
will,  by  the  action  of  the  lens,l)e  rendered 
parallel ;  this  case,  however,  is  only  the 
reverse  of  the  former,  the  place  of  the 
object  and  image  being  changed.  But 
this  astonishing  circumstance  will  take 
place:  when  obser\'ed  on  the  side  for 
parallel  rays,  tlie  objects  will  appear 
magnified  or  increased  in  size,  should 
the  distance  of  the  object  from  the  kns 
be  less  than  the  eye  can  see  it  without. 
Let  a  b  (Jig.  8.)  be  the  nearest  distance 
at  which  an  object  can  be  seen  distinctly 


without  the  assistance  of  a  lens,  and  o  d, 
the  distance  of  the  object  when  seen 
through  the  lens,  equal  to  half  the 
distance  ab;  now  the  angle  cbg,  which 
the  object  subtended  without  the  lens, 
is  only  half  the  angle  eb/;  and,  there- 
fore, tne  object  will  be  magnified  twice, 
when  seen  by  the  lens ;  and  if  the  dis- 
tance had  been  only  i,  i,  tV»  the  object 
would  have  been  magnified  3,  4,  or  10 
times  in  length  and  breadth,  and,  conse- 
(|uently,  its  surface  increased  U,  16,  or 
100  times. 


/'f^.  8. 


(9.)  Concave  lenses  obey  the  samelaws  seen  in  fg.  9,  where  a  is  the  object,  a  b 

of  refraction  as  convex,  but  as  the  cur-  rays  proceeding  parallel  to  each  other 

vature  is  reversed,  the  rays  are  l)cnt  out-  from   the  object.      These    ravs,  when 

wards ;  hence  a  concave  lens  will  ren-  \x9  ismitted  by  the  eowcv*^  Vt»,  «i^ 

dcr  piurallel  rays  direi^g,  as  may  be  ir  jde  to  ^yerise,  «a  VI  Vfcve^  ^»saa  \i^T&. 
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the  point/,  the  imasrinaty  focus  of  the 
tens;  the  perpendicular  cd  shews  that 
the  rays  obey  the  same  law  of  refraction 
lis  in  a  convex  lens.  It  should  be  here 
obser\'ed,  that  when  the  lens  is  concave. 


Fig.  9. 


the  focal  point  will  be  on  the  same  side 
as  the  object,  and  it  is  termed  nt-^ative, 
as  objects  are  diminished  l)y  concave 
lenses. 

When  conver^ine:  rays  from  a  convex 
lens  are  transmitted  by  a  eonciive,  they 
are  rendered  parallel,  as  shewn  in  Jig. 
10,  where  tlie  converging    rays  at   c 

Ffg.  10. 


&. 


(from  a  convex  lens)  are  brouyht  pa- 
rallel at  ;>,  after  passing  tlirougli  the 
lens. 

(10.)  The  manner  in  which  the  foci 
of  lenses  of  different  curves  arc  cak-ii- 
lafed,  and  how  tlu*  f«)c-i  of  combined 
lenses  may  be  ()])taine(l,  are  as  follows. 
When  the  lenses  are  made  of  plate 
gliuss,  the  focal  distance  is  nearly  the 
diameter  of  the  sphere  from  wliieh  we 
may  suppose  a  ])laiio-con\e\  lens  to  be 
cut,  or  It  is  ecpial  to  twice  the  radius  of 
the  circle  that  forms  th(u:onvev  surface 
of  the  lens.  Forexami>le,  if  tiieirlube  of 
glass  is  <meinch  in  diameter,  and  a  por- 
tion is  cut  otf  to  form  a  i)lauo-eunvex 
lens,  the  locus  ^vill  be  one  iiieli,  or  twiee 
the  radius  of  the  cirele.  If  the  lens  is 
double  convex,  the  focus  will  be  equal  to 
the  radius,  or  half  the  dianKter.  W  ben 
the  lens  is  crossed  or  unequally  coii\ex, 
the  focal  length  will  In?  twice  the  ja-oduet 
of  the  two  radii,  divided  by  the  sum  of 
the  radii.  For  example,  let  'the  radius  cm 
ono  skle  be  2  inches,  and  on  tlie  other 


side  6  inches ;  the  focus  of  this  will  De 
2  X  2  X  6  =  24,  divided  by  2  +  6  =  8 
or  3  inches.  The  focus  of  the  miniscus 
lens  is  found  by  dividing  twice  the  pro- 
duct of  the  two  radii  by  their  difference. 
Example ;  let  the  radius  on  the  convex 
side  he  2  inches,  and  on  the  concave 
side  4,  the  focus  is  2  x  2  x  4  =  16  di- 
vided by  4  -2  =  2,  or  8  inches,  the  focus 
of  the  lens*. 

If  two  lenses  are  placed  in  contact, 
the  compound  ibcus,  when  each  lens 
has  the  same  power,  will  be  half  the 
focus  of  the  single  lens.  When  two 
convex  lenses  are  in  contact,  having  dif- 
ferent focal  lengtlis,  then,  as  the  sum  of 
the  two  foci  is  to  one  of  them,  so  is  the 
other  to  the  compound  focus  required. 
For  example,  let  the  foci  of  the  lenses 
be  2  and  G  ;  then,  as  2  -|-  6  =  8  : 2.'.6  : 
li,  the  compoimd  focus.  Lastly,  if  two 
lenses  are  not  in  contact,  the  compound 
focus  is  found  by  dividing  the  product 
of  the  two  lenses  by  the  sum  lessened 
by  their  distance.  Example:  let  the 
foci  of  the  lenses  be  2  and  4,  thar 
distajice  2 ;   then  2x4  =  8  divided  by 

(2  +4)  —  2=4  gives  2  as  the  compound 
focus. 

(11.)  If  lenses  be  made  of  different 
substances,  although  tlie  ciurves  may  be 
the  same,  the  focal  lengths  will  vaiy; 
while,  in  like  mediums,  the  action  vnH 
always  be  ecpial.  J^et  a  b  {Ji^^  11.)  be 
a  ray  of  light,  and  let  it  enter  the  me- 
dium c  d  at  the  point  h  ;  instead  of  con- 
tinuing in  a  right  line  to  e  it  will  pass  on 
in  the  direction  b  /,  .should  the  medium 
cr/ be  denser  than  the  first  a6;nowif 
on  the  point  b  a  circle  be  dravi'n,  andi 
line  .V?,  parallel  to  the  surface  of  the 
meilium,  touching  the  incident  ray  ab 
Ix'  produeed  to  (\  this  line  will  be  the  sine 
of  incidence  ;  and  if  another  line  p  r  be 
dra\Mi  iu  the  same  manner  to  the  rt- 
fraeted  ray,  it  will  be  the  sine  of  refnic- 
tion.  .\»)w  if  the  angle  abc  \^  varied 
to  anydegi-ee,  the  sine  a- i  will  always 
be  in  the  same  proportion  to  the  sine  of 
refraction,  p  r.  If  the  dense  medium  is 
\\  at  or,  the  .sine  p  r  will  be  i  of  *  t.  When 


Iu  UKiny  ra.M»s  it  i»-to.«Bil  advisAble  M  K>«f 
t.in  tJ...  r:il.,  of  tl...  tuo  surfaros  of  a  ronr^x  !«<, 
H>'U,.,i  :i,  ir<iur„>  by  a  .ii.,n.  .uviirare  m»iiiicr. 
i...>  iMiy  I.H  ..(To.!...!  }.y  tnrn.intr  a  refit...t..a  i;r.j»f* 
I'v  .'..  |.  .>  .T.or  suila.v.  ul.ich  .l„Taii.  r  wul  I.-  laf 
(■!  tl.f  r.i.i,.,.,,.l  .-.irvar.ir..  (or  one  .I'larrer  rht-  i^^^^d 
•il.i.im.-...nyt.x  Ion.);  iheu.   l.y   e.x,M>«tnff  the oJh*r 

m.-:i>.ro  the  .hlf..r..,.t  radii  of   double   Zl  triiil 


nearly,  und  in  diamond  tu 
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2  to  3  focus,  so  09  to  decrease  the  diameter  of 
the  focal  point  to  3-eths  of  an  inch.  Ttie 
appiintlu!!  on  which  it  was  nioiinfrd  ii 
Bhown  in  Jig.  I'J :  u  ia  thu  large  convex 
kn^i  mounted  in  a  rini;,  and  connected 
to  the  smaller  lens  6  liy  wooden  ribs  ce; 
the  lowerrlb  has  apiocceattadied  toil, 
capiililc  of  adJustnH'nt  to  or  fVoin  the 
smaller  lens :  to  this  Inir  is  tixeil  tl)e 
holilo-J,  haviiijianuiiivorsiiljoinl.  On 
this  holder,  the  substance  toDe  rxperi' 
mented  on  is  pliieeil.  Tiie  fi>Ilo»iiitr 
arc  some  of  its  effrcls  on  biylii-s  iilaucil 
in  its  focus ;  2i)  i^iains  cjf  pure  i;oUl  ivas 
foBcil  in  4  seconds;  lii  griuns  of  pla- 
tinafiised  in3seeuTiils,  und  11  diamond 
\v<-)-r|iinK  lu  ifRiins,  e\»(ist.-d  for  3U  mi 
nules,  losi  4  Krains.  Tliis  lens,  which 
ia  now  in  llie  jiostission  of  ti)e  Emperor 
of  Cliina,  east  7U0/. 


When  a  ray  ii  passing  out  of  a  dense 
m<!itiuni  into  a  rarer,  the  direction  tvill 
he  eliaiii^'d,  and  tlie  ray  6/' will  now  l>e 
twill  fiitlliev  fniin  Ihe  peri'i'nilievilar,  so 
as  1.>  make  the  sines  the  reiursu  of  the 
fiiiiui'i- ease.  Dut  ofwaler  lliey  will  be 
us  I  hi  J  ;  fi'om  kIush  as  3  to  2,  and 
from  diamond  as  5  to  2.  Tlie  theorems 
just  deserilied  for  findini;  the  foci  of 
IcnscB  are  ealle«l  geomelrienl,  and  will 
be  nearly  tlie  same  as  the  refracled, 
when  the  lens  is  made  of  plute  i;lasi. 
Tile  refroeled  focus  is  only  )),st  part 
less  tluin  the  Rcomi'tvical,  when  aseer- 
tiiined  1iy  ncciiralc  e<[|ieriment.  The 
refracted  focus  of  lenws  of  other  media 
may  l>e  obtained  by  dlvidiiii;  the  kco- 
ical  futus  hv  the  ouolienl  obtained 


whel 


the  s 


e  (i).  ■ 


Die  sine  of  refraction  (r),  is  divided  by 
half  the  sine  of  refraction.    ('  '~'^') 

(12.)  Convpjr  Li-n'tx,  in  their  simple 
state,  hiive  Ix'en  apjilied  to  collect  Ine 
heiit  of  the  sun's  rays  for  purposes  si- 
niilar  to  that  of  bnrninji;  mirrors.  One 
of  Ihe  largest  lenses  that  have  been 
tnoimliHl  fin:  Ihesi'  puqmsfs,  was  that 
made  of  flint  clats  bv  Mr,  Parkrr.  This 
lens  was  3  feet  in  diameter,  imd  when 
mounted,  exposed  u  sorfiiee  of  330 
sipiarc  inches  to  the  sun's  lu;ht ;  its 
foenl  distance  was  3  fei-t  a  inclies.  and 
Ihe  diameter  of  the  circular  spot  of 
lisjlit  was  vnc  incJi,  But  in  order  that 
Ihe  liglit  miifht  t>c  condensed  as  much 
as  possible,  he  cmploye<l  HDOlher  lens, 
13  inches  diametiT,  and  of  'I'J  inches 


In  lanic  biirniiiE!  lenses  the  \\< 
Ihe  class  employed  Uiiomes  of  consii 
able  importance ;  mid  to  etlivl  as  k\ 
a  savini;  as  possible,  Ur.  Itrewsler 
{)roposed  to  constnict  them  of  cirei 
riiLiO),  u  shown  \ajig- 13,  where  the  I 


is  composed  of  three  pieces,  two  nnes,  a 
and  fi,  and  a  leiis  e.  \VUen,\\ws«sw, 
tlie  size  is  very  grtuX,  ftie  tvn^  tb»."1  » 
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o.omposftl  of  several  pieces,  ts  shown  eves,  they  arc  denominated  spcctac1e!i : 

l)y  the  front  view  K,  whi-re  the  lens  is  the  lenses  arc  emi)loyed  to  rt*nder  the 

Imill  of  ten  pieces.    These  instruments  ohjects  before  the  wearer  more  distinct, 

have  been  denominated  by  Dr.  Brewster,  The  eye,  which  consists  of  a  convex 

'*oft/ zonal  irFisex.  lens,  called    the    crystal  fine    lens^  re- 

The  followinir  are  the  advantajjes  of  fracts   the    linjht  proceeding  from  the 

ein])loyin^  these  lenses  as  laid  down  by  object  placted  before  it  in   the    same 

i^r.  Brewster.  '  manner  as  a  convex  glass :  the  image  of 

1.  The  difficulty  of  procurintr  a  mass  the  object   is  formcKl  at  the  focus  of 

of  fiint-irlass  projKT  for  a  solid  lens  of  the  lens,  where    it  is  received   on    a 

i:reiit  dimensions,  is  in  this  construction  screen   at  the  back  of  the  eye ;  this 

comi>li*tely  ivmcneii.  screen,  called    the  retina,    is    an  ex- 

•J.  If  impurities  exist  in  theglii«isof  pansioii  of  the  optic  ner%e,  which  con- 

:ir.y  of  the  spherical  seirnients,  or  if  an  veys  the  sensation  of  vision  to  the  miiHi 

.iceident  happen  to  any  of  them,  it  can  As  the   crystalline  lens  of  the  eye  will 

1)1-  easily  replaced  at  a  very  triflinu:  ex-  only  produce  disthict  vision  when  the 

pense.     Ilencv,  the  spherical  seirments  focus  is  thn)wn  on  the  retina,  it  is  oh- 

may  be  made  of  irlass  much  more  pure  rious  that  should  any  defect  occur  with 

:i»i(i  free  from  flaws  ami  veins  than  the  respect  to  that  organ, indistinct  and  im- 

convsjiondint;  portions  of  a  solid  lens,  perfect  vision  will  arise.  Thus,  if  the  lens 

:J.  rVom  the  sj)herical  abt-natinn  of  of  the  eye  is  not  of  a  proper  convexity 

a  con\ex  lens,  tlie  focus  of  the   outi-r  to  brinir  the  imai::e  on  the  screen,  an  in- 

purtion  is  neiu-er  the  lens  than  the  focus  distinctne^is  must  ensue.  This  is  the  case 

of  the  central  parts,  and,  theretbre,  the  when  tlic  lens  through  age  has  lH?ccnie 

solar  liiirht  is  not  concentrated  in   the  flattened  :  the  image  will  then  be  tlirowa 

same  i)olnt  of  the  axis.    Tiiis  evil  may.  beyond  the  ix'tina,  and  thus  convcv  nn 

ill  a  irreal  measun*,  be  removeil  in  the  ini])erfect  representation  of  the  object 

P'resent   construction,   by    placiuic  the  to  the  mind.    To  obviate  this  defect,  we 

different  zones  in  such  a  manner  thai  mustmake  the  rays  pass  through  a  jjlass 

their  foci  may  coincide.  of  sufficient  convexity  to  assist  the  t'}e, 

4.  A  lens  ofthis  construction  may  1^  and  enable  it  to  form  the  image  at  the 

fonncd  by  dcirret's,  accortlimjtothecon-  re(iuin-d    place,  which   is    in   this  in- 

venience  and  means  of  the  arti:t.     One  stance    done    by  shortening  the   focal 

zone,   or  e\en    one   seirment    may   be  distance  of  the'ciystalline   lens  of  the 

added  after  another,  and  at  ever)'  step  eye.  If,  (  n  the  contrary-,  the  eve  should 

the  instrument  may  be  used  as  if  it  were  be    too    convex,   or   short -silchted,  as 

complete,  without  the  re>t  of  the  zone  is  often  the  case  with  young   persons 

to  which  it  l)eli»ngs;  and  it  will  conlri-  then  the  iniaire  will  nof  be  formwl  at  a 

biite,  in  the  i»n)p(»rtion  of  its  area,  to  sufficient  distance  from  tlie  lens  of  the 

increase  the  ireneral  effect.  eye  to  reach  the  retina,  and  thus  im|H;r- 

T).  If  it  should  be  thouj;ht  advisable  feet  vision  of  distant  objects  is  producwl. 

to  irrind   the   seirments   separately,   or  To   remedy  this   defect    concave  lensti 

two  by  two,  a  much  smaller  tool  will  be  must  be  re'sorted  to,  in  order  to  diverge 

iiecessaiT  than  if  they  formed  one  con-  the  ravs  before  thev  enter  the  eye.  and 

tinuous  lens.     But,  if  il  should  be  reck  thus  lenirthen  the  focus  of  the  crystal- 

oned  more  accurate  to  icriiid  each  zone  line  lens  to  form  an  image  on  the  retina, 

by  itself,  tlien  the  \arious  seirments  mav  When  the  eves  are  not  directed  near 

l)e  easily  held  together  by  a  firm  cement,  the  centre  of  the  si)ectacle-glasses,  the 

(I.  Each  zone   may  have  a  different  oblitpiitvof  their  surface  to  the  rays  v ill 

focal   length,    and  may,   therefore,    be  l>e  increased,  so  as  to  occasion  a  con- 

pkicwl  at  different  distances  from  the  fused  ai»i)earance  of  the  object.  A  givat 

local  point,  if  it  is  thought  proper.  portion  of  this  confusion  is   removed 

in  the  spectacles   now  usually    made, 
when  compared  with  those  fomierlv  em 

Chapter  III. — Spccfarles—Pfirisrnif'r  ploy^'d,  whose  size,  being  voiy  large, 

i^jiecfaclrx.  auirmented    the    im])erfection ;     for  it 

may  be  observed  that  when  objects  are 
(13.)  Sfyectaclt's,'*  —  \\\m\  two  lenses  seeii  tlirouirh  spectacle-glasses,  no 
are  mounted  in  a  frame  to  fix  before  tb-  more  of  the  glass  is  employed  at  one 
. ^iew  than  a  portion  equal  to  the  size  of 

•  TV      •    .        .  1  .    I       I  Hie  puiiil  of  the  eve;  this  on  an  a\erai!e 

•  rbfse  in>tninn'iit!i  arc  s.ud  to  have  Wfu   m:-  ,       '  ,*  ,  i     *,    /,     ""."*"»* "■'^'^ 

rettted  about  tha  yt&r  \'2'M),  tiiay  bc  reckoned  at  the  eighth  qf  M 
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inch  in  diameter.  Thus,  we  see  how 
small  a  portion  is  used  for  the  purposes 
of  vision  ;  but  as  it  would  be  tedious  to 
require  the  eye  always  to  look  through 
a  small  aperture,  the  glasses  are  left  of 
a  sufficient  size  to  admit  of  a  moderate 
degree  of  motion ;  and,  as  we  require  a 
greater  latitude  horizontally  than  verti- 
cally, their  figure  is  made  of  an  oval 
form. 

In  the  selection  of  spectacle-glasses 
great  care  should  be  used  in  examining 
them,  and  the  first  point  of  importance 
IS  the  goodness  of  the  material  of  which 
they  are  formed ;  this  should  be  free 
from  all  veins  or  small  bubbles,  for  if 
one  of  these  occur  in  tlie  portion 
through  which  we  look,  it  wiU  greatly 
impair  the  eyes.  The  next  circumstance 
is  the  colour  of  the  glasses ;  the  best 
adapted  for  general  purposes  is  a  pale 
blue.  The  figure  of  their  surfaces  should 
be  perfectly  spherical,  for  if  they  are 
curved  more  in  one  direction  than  in 
another,  they  will  injure  the  sii^ht,  unless 
they  are  cylindrically  formed,  as  for  some 
pailicular  disease.  The  polish  should  be 
clean,  and  free  from  flare,  which  too 
of\en  arises  from  the  manner  in  which 
tbey  are  usually  polished  on  heteroge- 
neous surfaces,  producing:  what  is . 
technically  termed  a  curdled  gl<Ms, 
See  the  method  of  grinding  and  polish- 
ing lenses,  described  in  (48). 

(14.)  Dr.WoUaston,  in  order  to  allow 
the  eyes  a  considerable  latitude  without 
fatigue,  invented  a  peculiar  form  of 
glasses,  called  by  him  perisropic,  from 
two  Greek  words  signifying  seeing  about; 
their  form  is  that  of  a  meniscus  with 
the  concave  side  always  turned  towards 
the  eye.  When  they  are  intended 
for  Irmg-sitrhtrd  persons,  or  old  a^<?, 
the  anterior  surface,  or  that  next  the 
object,  is  formed  spherically  convex, 
with  a  curve  deeper  than  the  concave, 
so  as  both  to  gain  the  retjuired  power, 
and  compensate  for  the  divergency  oc- 
casioned by  the  concave  side ;  this  form 
is  shown  at  A,  {Jig.  14).  The  peri- 
Fig,  14. 


-^Si^* 


icopic  form  employed  for  correcting 
the  defect  of  a  short  or  near  sight  is 
shown  in  section  at  B,  having  its  an- 
terior surface  convex,  as  in  the  former 
case ;  but  here  the  concavity  on  its  pos- 
terior side  is  increased  to  procure  the 
required  divergency,  and  compenwte  for 
the  convex  side. 

Chapter  IV.  —  Telescopes —  Common 
Astronomical  Telescope — Day  Tele- 
scope— Dynameters. 

(15.)  A  Telescope  is  an  optical  instru- 
ment employed  for  viewing  distant  ob- 
jects, by  increasing  the  apparent  angle 
under  which  they  are  seen  without  its 
assistance ;  and  hence  the  effect  on  the 
mind  of  an  increase  in  size,  or,  as  com- 
monly termed,  7wag-w//?<?rf  representation. 
Tlie  construction  of  the  Telescope  is, 
perhaps,  one  of  the  most  important  ac- 
quisitions that  the  sciences  ever  attained, 
as  it  unfolds  to  our  view  the  wonders  of 
the  heavens,  and  enables  us  to  obtain 
data  for  astronomical  and  nautical  pur- 
poses. 

The  invention  of  this  instrument  is 
somewhat  uncertain,  and  is  ascribed  to 
different  individuals,  as  John  Baptista 
Porta,  Jansen  of  Middleburg,  and 
Galileo.  The  time  of  its  first  construc- 
tion was  about  the  year  1590. 

Tlie  simplest  constniction  of  this  in- 
strument consists  of  two  convex  lenses, 
so  combined  as  to  increase  the  apparent 
angle  under  which  distant  objects  are 
seen.  If  we  take  a  convex  lens,  and 
place  it  in  a  similar  position  to  the  object, 
as  that  in  Jig.  7,  and  another  of  shorter 
focus  in  the  position  Jig.  8,  with  a  dis- 
tance \;>etween  them  equal  to  the  sum  of 
their  foci,  a  telescope  will  be  formed, 
and  the  magnifying  power  will  Ije  in 
proportion  to  the  focus  of  the  two  lenses. 
Let  O  (Jig.  15)  be  the  object  lens,  and 
suppose  it  8  inches  focus,  and  e  the 
eye  lens,  of  2  inches  focus,  the  distance 
between  these  two  lenses  must  be  ten 
inches,  if  the  object  be  at  an  infinite 
distance,  as  a  star  ;  but  when  the  object 
is  terrestrial,  the  distance  between  the 
two  lenses  must  be  increased  to  adjust 
for  distinct  vision  :  on  this  account  the 
eye  lens  is  mounted  in  a  tube,  sliding 
within  another  tube  in  which  the  object- 
glass  is  fixed,  and,  therefore,  can  be 
drawn  out  for  near  objects.  As  the 
size  of  objects  is  dependent  on  the  angle 
under  which  they  are  seen,  the  image 
F,  formed  by  the  object-glass,  in  thA 
focus  of  the  cyfe-^\fts^  e»  x*"^  wiKiv.^»A. 
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the  angle  ee  d,  which  is  four  times  the 
iLiU^le  eo  d  that  the  oHect  subtends, for 
the  iliNtnni% Fo  is  fuurnmes  Fe :  henee 
the  mniniifyinR  power  may  be  found,  by 
divi(hnR  the  focnl  leni^h  of  the  ol'ject- 
fClnssliy  the  focus  of  theeye-trlass,  when 
the  quotient  will  lie  the  {lower.  Objects 
teen  through  this  telescope  arc  in- 
verted, and  on  that  account  it  is  ina[>- 
pUcable  to  land  obsen-ntion;  btit  at  sea 
it  is  occasinnallv  used  at  nii^ht,  and  in 
liBiy  weather  wncn  there  i^i  tittle  light ; 
it  Is  hence  called  a  nii;ht  telescope. 

i.lfl.)  The  common  atlronomical  lels- 
senpg  is  of  the  same  principle  of  con- 
alruction  as  the  preceding.  The  inver- 
HJon  of  the  olject  is  immaterial  in  its 
ni){>licution  to  ci'Iestinl  observations ; 
liiit  the  disadvontii)^  of  tliia  instru- 
tiieiit  is  felt  when  very  liii;b  powers  are 
n'liuii'e'l,  for  then  the  ol^ecta  are  rea- 
(lertil  dark  and  obscure,  and  if  the 
iiIHTturc  of  the  iilgecl-^class  is  iucrcaacd 
1o  admit  more  light,  the  formnlion  of 
the  object  is  confused.  M.  Huygens, 
howevcri  made  a  telescope  of  this  con- 
struction,  in  which  he  was  enabled  to 
use  an  aperture  of  G  inches,  by  niuking 
the  focus  of  the  ubject-i^lass  123  t'eet  in 
lcti)rth,  and,  bychan^ii^  the  eye-lenses, 
any  required  power  was  produced.  From 
experiments  on  ditferent  combinatiuns, 
lie  found  that  to  obtain  the  f,Ten1e»t 
distinctness  and  li^hl,  the  fi>i'us  of  the 
object-glass,  its  aperture,  and  the  i>ower 
of  the  instrument,  should  be  aocording 
to  the  following  table : 


(17.)  The  common dE^-lfl^copcli 
instrument  of  this  class,  with  the  at 
tion  of  two  oilier  lenses  of  the  at 
power  as  the  eye-lens  e;  these  leii 
will  produce  an  erect  image  of  the 
jcct  when  placed  at  a  fixed  disia 
from  each  other,  equal  to  the  tun 
their  two  focal  lengths.  Let  o  (Jig.  16.; 

Fig.  16. 


tCoi 


M«„if,i„( 
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the  object-lens,  which  may  be  the  same 
focus  as  that  in  Jig.  IS^eee  three  lenses 
of  ecinal  power.  Now,  if  the  focus  of 
each  eye-lens  e  is  two  inches,  as  in  the 
former  case,  then  each  eye-glass  must 
be  placed  at  a  fixed  distance  of  4  inches 
from  each  other ;  and  the  distance  be- 
tween the  object-lens  o,  and  the  nearest 
eye-lens,  will  be  1 0  inches,  this  distance 
increasing  as  the  objects  to  be  viewed 
approach  the  instrument.  The  power 
of  day -telescopes  may  be  calculated  in 
the  same  manner  as  the  astronomical ; 
for  the  two  additional  lenses  produce 
no  effect  in  the  amplification  of  the 
objects. 

(18.)  Tlie  magnifying  power  of  tele- 
scopes may  be  ascertained  without  a 
knowU'dire  of  the  foci  of  the  glcisses,  by 
means  of  a  ilijnamrter ;  this  apparatus 
simply  consists  of  a  strip  of  mother- 
of-pearl,  marked  with  equal  divisions, 
from  the  liu  ♦©  ib^u  of  an  inch  apart, 
according  to  the  accuracy  required  ; 
this  measure  is  attached  to  a  magnifying 
lens  in  its  focus,  in  order  to  make  the 
small  divisions  more  apparent.  When 
the  power  of  a  telescope  is  recpiired,  the 
person  must  measure  the  clear  aperture 
of  the  object-glass ;  then  holding  the 
pearl  dynameter  next  the  eye-glass,  let 
nini  observe  how  many  divisions  tlie 
small  circle  of  light  occupies  when  the 
instrument  is  directed  to  a  bright  ob- 
ject. Then  by  dividing  the  diameter  of 
the  object-glass  by  the  diameter  of  this 
circle  of  light,  the  power  will  be  ob- 
tained. 

Chapter  V. — Aberration  of  Reflectors 
and  of  Lenses — Glass  and  Diamond 

'  comparrd  —  Huy gens'  Eye  Piece — 
Ramsden's  Eye  Piece  —  Neu^tons 
Parafjolic  Lenses  —  Chromatic  Dis- 
persion, 

(19.)  The  field  of  vision,  or  number 
of  olyectsseen  by  the  telescopes,//^-*.  15 
and  l(i,  is  very  limited,  the  eye-lenses 
not  being  sufficiently  large,  as  is  shown 
by  the  dotted  lines  t  i  in  Jig,  1 5,  which  do 
not  enter  the  eye  lens  e,  and  are  not 
received  by  the  eye.  Now,  if  the  dia- 
meters of  these  lenses  were  increased, 
the  objects  would  be  rendered  indistinct, 
arising  trom  the  rays,  spread  over  the 
surface  of  the  lens  from  any  point  in 
the  object,  not  being  collected  again  in 
another  point  after  refraction.  This 
error  is  occasioned  by  the  fij^ure  of  the 
lens,  and  is  called  the  sphencal  aberra* 
lion  by  figure. 


As  a  lens  is  formed  with  two  sur- 
faces, and,  consequently,  has  two  re- 
fractions, we  shall  first  investigate  the 
aberration  of  a  spherical  reflecting  sur- 
face. 

In  (2)  the  focus  of  a  concave  sphe- 
rical reflector  was  stated  to  be  half 
the  radius  distant  from  its  surface ;  this, 
however,  is  only  the  case  with  parallel 
rays  near  the  centre.  When  we  are 
desirous  of  employing  sj)ecula  for 
telescopes,  they  re([uire  to  be  made  of 
the  parabolic  or  hyperbolic  form,  to 
unite  all  the  rays  to  one  point :  the  rays 
that  fall  on  the  extreme  parts  of  a  sphe- 
rical reflector,  forming  an  image  nearer 
the  speculum  than  those  that  fall  on  its 
centre.   InJ^.  1 7,  F  is  the  focus  of  cen- 


tral  rays,  and  the  point/  the  focus  of  the 
extreme  rays  A  C,  while,  along  the  axis 
from  /  to  F,  images  from  tlie  different 
parts  of  the  reflector  will  be  formed  of 
the  same  object ;  these,  not  coinciding, 
will  confuse  one  another.  The  quantity 
F/is  called  the  longitudinal  aberration, 
and  will  be  equal  to  half  the  aperture  of 
the  s])eculum  squared  (a  b) ",  divided  by 
4  times  the  radius  of  curvature  {d  b),  or 

a  b  * 

7~rj  nearly,  in  specula  whose  sur- 
face Is  spherical.* 

This  spherical  aberration  produces  an 
indistinctness  of  Nision,  by  spreading 
out  every  mathematical  point  of  the 
object  into  a  small  spot  in  its  picture ; 
which  spots,  by  mixing  with  each  other, 
confuse  the  whole.  The  diameter  of 
this  circle  of  confusion,  at  the  focus  of 
central  rays  F,  over  which  every  point  is 
spread,  will  be  L  K  {flg.  17.);  and  when 
the  aperture  of  the  reflector  is  mode- 
rate it  equals  the  cul)e  of  the  apeiiure, 
divided    by   the  square  of  tlie  radius 

•  The  foru»  of  ray*  teaecle^  Vj-J  •»>!  cxxn*  ^\>\  '^ 
equal  to  ^\f  ttve  A\»Unc«  ^  VY»  MiufMiX.  \twb.  ^&a 
oeatro  or  Val£  d  D  foe  K«, 
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"°  V  thi.  *tk  is  caM  0,0 aba™.  ".*  "•  "■J»^*'?j'i.'SS; 

JTd^  I  i)lano- convex  lens.    J^t  the  plane  side 

tion  ot  latitude.  ue  exposed  to  parallel  rays,  and  let  a  A 

{20.)  The  al^erration  produced  by  a  be  an  extreme  \Kmci\  of  rays ,   D  the 

lens  with  a  spherical  siirt'ace  is  sho>NU  centre  of  curvature;  D/the  axis  of  the 


Fig   18. 


lens ;  and  F  the  focus  of  a  slender  pen- 
cil of  incident  rays,  at  an  iulinitcly 
smaller  distance  from  the  centre.  Now, 
as  the  extreme  ray  a  A  is  perpen- 
dicular to  the  plane  surface,  it  will 
pass  directly  throujj;h  to  the  convex 
side,  where  it  will  be  refracted  to  /, 
crossing  the  axis  in  that  point,  for  D  A 
is  perpendicular  to  the  curve  at  A,  and 
a  D  the  sine  of  incidence,  n  D  the  sine 
of  refraction ;  hence,  an  imac^o  of  the 
object  will  be  formed  at  F  by  the  cen- 
tral rays,  and  aiiother  imaire  of  the  same 
object  will  be  formed  at  ./*  by  the  ex- 
treme rays;  while,  from  F  to/,  imaires 
of  the  same  object  will  be  foraied  by  the 
intermediate  i)ortion  of  tlie  lens.  The 
longfitudinal  abenation  F/ boars  a  cer- 
tain ratio  to  the  thickness  or  versed  sine 
B  P ;  and  when  the  icns  is  placed  in 
the  position  shown  in  tlie  fii^ure,  it  is 
equal  to  I  or  4  i  times  B  P  ;  this  quan- 
tity will  be  decreased,  when  the  curved 
surface  of  the  lens  is  exposetl  to  paral- 
lel rays,  that  is,  when  the  refraction  of 
the  first  surface  is  made  nearer  the  per- 
l)endicular,  or  when  the  ray  is  bent  in 
l)assing  from  a  rare  into  a  dense  me- 
dium, and  this  dillVrence  out  of  air  into 
glass,  will  be  in  the  proportion  of  27  to 
7  ;  so  that  when  tlie  convex  side  is 
placed  next  the  radiant,  the  lon2:itudinal 
al>erration  will  be  only  l  of  the  thick- 
ness BP,  or  1.1 6G. 

AVhen  a  crossed  convex  lens  is  used, 
the  proportions  of  the  radii  of  whose 
surfaces  are  as  1  to  G,  and  the  most 
convex  side  is  exposed  to  the  distant 
radiant,  the  lonu^itudinal  aberration  will 
be  the  least  possible  quantity;  viz.  {^. 
or  1,0714  of  the  thickness  of  the  lens. 
When  the  radii   of  a  double- coun^x 


lens  are  equal,  the  aberration  is  |  of  its 
thickness  ;  therefore,  this  lens  is  not  so 
good  as  a  plano-convex  of  the  same 
thickness,  in  its  best  position.  T%e 
lojigitudinal  aberration  F  /  increases  at 
the  square  nf  the  aperture,  when  the 
curvature  of  the  lens  is  not  altered; 
and  is  inversefy  as  the  focal  tUstancet 
when  the  aperture  is  cotistanl. 

The  lateral  aberration,  which  is  the 
actual  confusion  of  the  image  at  the 
focus  of  central  rays,  is  equal  to  the 
loni^itudinal  aberration  Y  f,  multiplied 

by  ^—  ,  or  the  aperture  of  the  lens  di- 
vided by  the  focal  distance,  which  is 
equal  to  K  II.  Now,  if  i*ays  are  drawn 
from  the  different  parts  of  the  lens,  it 
will  be  found  that  they  will  be  refiractod 
throuLrh  a  small  circular  space  I  R, 
whose  diameter  will  be  ^  of  K  H  ;  hence, 
this  ])oint  must  be  considered  as  the 
focus  of  the  lens.  The  lateral  aberra- 
tion if  tenses  increases  as  the  cube  *f 
the  apr't'turey  if  the  radius  remain  the 
xafney  or  inversely  as  the  square  of  the 
radius  when  the  apertures  are  the  same. 
These  laws  may  be  considered  as  de- 
termining the  relative  aberration  of  all 
lenses  ;  yet  it  is  found  that  if  we  employ 
media  of  different  refractive  powers, 
and  form  each  into  lenses  of  like  cun'a- 
ture,  the  separation  or  spreading  out  of 
the  rays  at  their  focal  point  will  be  dif- 
ferent ;  that  possessing  the  highest  f 
refractive  power  producing  the  least 
aberration,  though  its  amplifying  power 
will  l)e  greatest :  thus,  if  three  iensci 
were  ground  in  the  same  tool,  one  of 
plate  glass y  and  the  others  of  sig^pkire 
^xvvl  dtamoncf,  they  would  posseu  toj 
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different  magnifying  powers^  aberra- 
tions, and  separation  of  colour,  or 
chromatic  dispersion,  (this  latter  error 
IS  explained  in  23  :)  their  respective  va- 
lues are  shown  in  the  following  Table  : 

Piano  conTciletues  Mafnlf>lng  LongindJnal  Chromatic 
with  convvi  lido  t%-  .povcn.  •banrsUoo.  dkbpenkm. 
poacd  to  parallel  rajr*. 

Glass  150         1.167  48 


Sapphire 
Diamond 


250 
400 


1.0U5 
0.950 


26 

38* 


But  tliis  difference  in  the  longitudinal 
aberration  would  be  much  gicater  if  the 
lenses  were  so  formed  as  to  give  the 
same  magnifying  powers  ;  for  this  error 
always  decreases  as  the  squares  of  their 
respective  radii,  while  the  lateral  aber- 
ration or  area  of  the  circle  of  confusion 
will  be  as  tlieir  cubes. 

Hence,  in  sapphire  and  diamond  lenses 
of  high  magnifying  powers,  the  indis- 
tinctness arising  from  their  figure  would 
barely  be  discernible  in  practice,  thus 
producing  a  kind  of  natural  aplanatic 
magni/ter. 

The  valuable  properties  possessed  by 
these  stones  were  known  to  Sir  Isaac 
Newton,  and  Martin,  and  have  been 
more  particularly  pointed  out  by  Dr. 
Brewster,  in  his  Treatise  on  New  Optical 
Instruments,  But  their  hardness  and 
crystalline  J\>rm  probably  occasioning 
difficulties  in  the  tonnation  of  spherical 
polished  surfaces  almost  insurmount- 
able, has  retarded  their  adoption  as 
lenses :  however,  we  have  lately  learned 
that  Mr,  Pritchard  has  succeeded  in 
forming  these  substances  into  lenses, 
and  their  application  to  the  microscojM* 
is  so  favourable,  that,  if  any  new  disco- 
veries are  to  be  made  in  the  minuticc  of 
nature,  they  seem  most  likely  to  dev  elope 
them. 

The  process  by  which  these  lenses 
are  worked,  and  their  application  to  the 
microscope,  are  detailed  in  the  Journal 
of  Science  of  the  Royal  Institution, 
vol.  ii.  page  15  (New  Series).  Tliis 
pajKr  was  connnumcated  by  Dr.  Go- 
ring, who  suggested  to  Mr.  Pritchard 
the  advantages  which  diamond  lenses 
would  most  probably  possess. 

The  adaptation  of  these  lenses  to 
telescopes  in  place  of  the  ordinary  eye- 
glasses would,  in  all  probability,  be  at- 
tended with  equal  success,  where  every 
circumstance  calculated  to  produce  a 
perfect  representation  of  the  object  is  of 
the  utmost  importance. 

*  Wlien  it  is  roaviJenMl.  that  the  refraction  of 
dianumd  ii  nearl/  three  times  that  of  frlass.  it 
follows,  that  in  equal  refractionn  its  dispersion  will 
bt  onlj  o&»'thifd  of  tba  lattcrr— Set  Optica  p.  $4, 


21.  The  great  advantage  of  duly  con- 
sidering the  aberration  of  lenses  will  be 
evident,  if  we  conibine  two  lenses,  of 
twice  the  focal  distance,  instead  of  one, 
to  produce  any  given  power,  a^  the 
aberration  will  be  decreased  to  one 
quarter  of  that  of  a  single  lens  of  equi- 
valent power,  and,  therefore,  the  aper- 
ture of  the  compound  lens  may  be  in- 
creased, while  the  error  will  be  less  than 
in  a  single  lens.  In  the  common  tele- 
scopes Cfigs,  15  and  16),  if  two  lenses 
were  used,  instead  of  the  single  object 
and  eye-glass,  as  there  shown,  the  aper- 
tures of  each  might  be  increased,  and, 
consetjuently,  the  instruments  would  be 
improved  in  light  and  field. 

(22.)  M.  Iluygens  has  demonstrated, 
that  wlien  the  greatest  possible  distinct- 
ness is  required  for  the  eye-piece  of  a  te- 
lescope, it  may  be  obtained  by  two  plano- 
convex lenses,  placed  as  wifig.  19,  with 

Fkg.  19. 


their  plane  sides  outward,  and  the  focus 
of  the  eye-lens  E  must  be  |  of  that  of 
the  field-lens  F,  with  a  distance  between 
them  equal  to  the  difference  of  their 
focal  lengths.  This  combination,  from 
the  purpose  it  has  been  adapted  to,  is 
called  the  astronomical  positive  eye- 
piece; and  the  telescope,  by  this  addi- 
tion, will  have  four  times  the  distinct- 
ness of  a  single  lens  D,  of  equivalent 
power,  while  tlie  distortion  of  the  object 
will  only  be  i  of  that  produced  by  a  sin- 
gle lens  ;  for  the  refraction  of  the  object- 
lens  brings  the  image  of  the  marginal 
rays  nearer  to  itself  than  the  central, 
therefore  the  image  will  be  formed 
convex  next  the  lens  F,  as  shown  by 
the  arrow,  and  as  the  radius  of 
curvature  of  the  lens  F  is  twice 
that  of  the  single  lens  D,  the  distor- 
tion will  be  decreased  in  the  square 
of  tliis  ratio,  or  4  times.  On  this  ac- 
count, a  similar  combination  is  used  for 
the  eye-pieces  of  telescopes  for  astrono- 
mical quadrants,  and  otlier  graduated 
instruments,  when  the  convex  side  of 
the  lield-lens  is  turned  towards  the  eye- 
glass £,  because  equal  divisions  on  a 
micrometer  correspond  with  equal  aa- 
gles,  subtended  ^  o\>^«eXa  Ta«aA>ai^\3Pi 
uiis  iostrumeiil*  liDift  QOTI!^\£A^i^ycL;<litQfs^ 
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\h  chIUhI  Ranisdon's  ^licronietical  Eye- 
jMi'co,  hsi'5  OIK"  s!:rt*at  disadvantnge,  vii. 
that  it  roqiiiivsthc  eu»  to  be  placed  ex- 
ei'(Mlin«rly  iu*ar  to  the  eye-lens  E. 

Vl'\.)  Heinir  now  in  possession  of 
a  combination  thai  will  diminish  the 
abeiration  produced  by  the  eye-piec^e  of 
a  televcopr,  our  ]\m\\  of  maifnifyinef 
power  nud  liirht  will  arise  trom  the 
errors  iieeasion4'<l  by  the  object -ijlass  ; 
and  this,  we  have  seen,  may  be  dimi- 
nished by  havinir  tlie  cunes  of  the  two 
surfaces  as  I  to  «,  with  the  most  con- 
vex siile  outrrmos! ;  for  this  lens  has 
been  sliown  to  ha\e  less  aberration  than 
any  other*.  Secondly,  by  usinj*  two 
lenses  of  twice  the  focus  in  contact,  to 
produce  the  re(piired  refraction,  and 
thus  diminish  tlie  en*or  four  times. 
Hut,  althoui;:h  this  en-or  may,  by  the 
means  here  pointed  out,  l>e  rendered 
ver>'  small  and  almost  impei-ceptible,yel 
it  is  magnified  in  the  same  i)ro])ortion 
as  the  ol>jects  ;  and  when  hitjh  powers 
are  used,  the  indistinctness  will  become 
sensible. 

Sir  Isaac  Newton  conceived  that  the 
surfaces  of  the  lens  miurht  be  formed  of 
some  mathematical  curve  which  would 
entirely  obviate  tl\is  eiTor;  and,  by  inves- 
tip^ation  he  found  that,  if  the  suHace  were 
described  l)ythe  revolulidU  of  a  parji]>ola, 
and  the  radiant  or  object  be  at  an  infinite 
distance,  the  rays  would  l)e  collected  to 
a  point,  and  be  free  from  all  aberration. 
He  afterwards  formetl  tools  to  giind  and 
polish  lenses  of  this  liij^ure,  but  when 
made,  althouirh  the  en'orby  fissure  was 
perfectly  coiTccted,  it  was  discovered  that 
the  white  heteroireneous  pencils  of  li«jcht 
(l>efore  that  time  considt-red  as  homoge- 
neous) in  their  ])assaire  through  the  lens, 
were  divided  into  their  several  consti- 
tuents of  red,  oranire,  i^ii-cn,  blue,  and 
violet,  in  the  same  manner  as  by  a  prism, 
and  Hence  lenses  of  this  figure  became 
useless. 

•  Dr.  Brcwhtcr.  iu  bis  Kilitinn  of  Fcrptison's  Lor- 
tnrc-*  (vol.  ii,  p.  'J^.*).  J»'»ti's  th.it  in  order  to  rcritlor 
the  rounnr.n  ri-frarting  tclHsroiv  as  porff't  asix)sxihle 
with  lilt  iiiJikiii'.:  it  'iihroniiitu*,  tin*  exl«Tior  siirt'.nv 
of  th^•oHjo^t-^l:l^^^  ^}lc•^Il(l  \u'  f^ro^ind  to  a  rriili«i>  eijual 
to  5-!«ihsof  it>  fiici!  li'iii»fh:  anil  tho  ra<lius  cf  the 
iiitrrior  surf.icc.  or  that  lu-xt  th.>  t-yo,  shmild  bo  5 
ti  nil's  its  forjil  h-Di^th.  In  evu-ffl.X'-.is,  the  railius  «if 
till*  surface  mxl  thi-  ohji-cl  sfu»ul.l  Ik»  9  tiiin's  it>  torai 
dititaniv.  an..l  that  of  the  snrfari-  n»-xt  th«'  oyo  3-5rh» 
of  thi;  hamLMrj>tunc(».  Bv  this  nifiiiH.  thialu-rration 
arisin)^  from  th«  ^phi-rij-al  ti(fiir«»of  Ihi*  lonsi-*  will  W 
nothing  »'^r  objiTtn  placfl  in  th«'  tlin'otion  of  ihoir 
axis,  and  the  l«»ast  {Hi!>sible  for  «ilijert.«»  mnovril  fn>ni 
the  axis.  Acronliu^to  Hnyumis,  thi*  »]»hi'ri(al  :ihor- 
ration  was  the  loa^t  pcwiNlf,  when  thi*  nulii  of  the 
lurfarf!!  an*  as  6  to  1.  Hut  though  thiiii  be  true  for 
obierts  plwvd  in  tin'  nxei  of  the  lenses,  yet  a  con<iiiie- 

nble  aucrratutn  reinaini  when  the  objects  are  placed 

m  000  bide  of  the  azii. 


(24.)  To  illustrate  the  chromatic  Asper- 
sion produced  by  a  lens,  let  a  A,y?^.  20, 
be  a  white  compounded  pencil  ot  light 
proceedinej  from  any  luminous  body, 
and  fallint;  on  the  lens  B ;  parallel  to  its 
axis,  at  the  point  a,  this  pencil  of  light 
will  not  be  refracted  colourless,  but  the 
retl  rays  will  cross  the  axis  at  r,  and 

Fig,  20. 


the  violet,  which  will  be  attracted  by  the 
lens  more  than  tlie  other  colour,  crosses 
the  axis  at  r  ;  and  along  the  interme- 
diate space  from  r  to  v,  will  be  formed 
a  coloured  spectrum  of  oranjipe,  yelloir, 
pfreen,  and  blue ;  the  proportional  quan- 
tity ofthe.se  colours,  and  the  total  length, 
will  vaiy  according;  to  the  substance 
of  which  the  lens  is  formed.*  Sir  Isaac 
Xewtt)n,  by  most  accurate  obseivations, 
found  that  in  common  glass,  when  the 
sine  of  the  anjjle  of  the  incident  rays 
A  a  was  50^,  the  sines  of  refraction  of 
the  red  and  \iolet  rays  wei-e  77° and  TS\ 
the  mean  refraction  of  the  pencil  iKM'nir 
77\'^.  N o w ,  i f  w  e  call  the  s i ne  of  in- 
ciik'nce  /,  the  sine  of  n^fi'action  for  ret! 
rays  r,  and  of  the  violet  r,  it  is  found 
that  the  diameter  of  the  circle  of  di«jper- 
sion  tf  s,  through  which  all  the  colours 
])ass,  will  be  as  (r— r)is  to  (r+r— 2f,) 
or  as  1  to  T)'),  so  that  the  diameter  is 
jith  part  of  the  aperture  of  the  lens, 
which  is  equal  to  half  the  diameter  ojf 
the  circle  ol  di.s])ersion  at  the  fiK'us  of 
central  rays  r.  The  circle  ofdispersiion 
that  will  comprehend  any  particular 
colour,  or  set  of  colours,  may  l)e  easily 
calculated.  Thus,  all  the  orange  and 
yellow  w  ill  pass  through  a  circle,  who.w 
diameter  is  j^.th  of  the  aperture  ot  the 
lens.  When  it  is  considered  that  an 
object -irlass  5 A  inches  in  diameter  has  a 

•  Sir  Ua-ac  Newton  imagineil,  that  the  ditft-rrat 
pi»l<»'.irs  divided  the  s-pectrum  forinod  bv  all  »ub- 
>t.iiirr-;  in  tho  prn]wrtion>  of  a  mn<(ic'Ml  rannji.  'Jl.jf 
iv  liiini'l  to  ho  a  mistnkr  :  for  when  th*  jip^-cfnim  it 
foniic'l  1  y  a  pri>ni  uf  crown  glash,  and  HDoiJier  (tf 
priTi'.t'ly  thu  same  length  is  funned  hj  the  *!Je  of 
It.  u  I'll  a  prism  of  flint  cla««,  th»*  coiiiinc*  b^tvcea 
thr  eri'i'n  and  blue  will  1h'  found  |ireci>el]r  in  iW 
iiiiildlr  of  the  lirsf  sperirnm  ;  but  in  the  st*ooaJ,it 
will  be  ron.sitlerably  nearer  to  the  red  extirutitft 
iriili.'i'd,  th'>re  are  Hardly  two  substancrs  that  di^ 
pt-r-jf  the  eolours  in  the' Mime  proportions  Oil  «f 
raKsia  exerti;  the  least  aetioD  on  frcea  liAl,  Ml 
»\9lI^\iutIo  acid  the  stnmfest* 
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Circle '  of  dispersion  /^th  of  an  inch  in  in  which  the  an^lc  of  all  the  coloured 
diameter,  it  may  be  surprising  that  any  rays  are  ej^ual.  By  pursuing  this  idea  he 
pict  ure  of  an  object  can  be  distinguished ;  entirely  obviated  the  chromatic  error.  In 
out  the  superior  vivacity  of  the  orange  the  first  telescope  he  made  by  reflect  ion, 
and  yellow  light  in  comparison  with  the  the  distinctness  with  which  objects  were 
rest,  make  the  effect  produced  by  the  seen  through  it  was  surprising,  when 
confusion  of  tlie  colours  much  less  sen-  compared  with  the  refracting  telescopes 
sible,  and  will  allow  this  aperture  to  be  of  those  times ;  for  though  the  focal  dis- 
used when  the  focal  length  of  the  lens  tance  of  the  metal  was  only  6i  inches, 
is  considerable.  it  woidd  carry  a  power  of  38  with  e(iual 
(2ri.)  We  maynow  compare  the  diame-  distinctness  to  a  4  feet  refractor.  The 
ters  of  the  circles  of  the  chromatic  and  form  of  the  metal  was  spherically  con- 
spherical  aberration  together.  If  we  take  cave ;  but  by  investigjition  he  ascer- 
a  standard  telescope  of  approved  good-  tained  that  if  the  form  had  been  that  of 
ness,  it  has  not  l)een  found  possible  to  a  parabola,  there  would  not  have  been 
give  more  thsm  4  inches  aperture  to  an  any  spherical  aberration  produced ;  and 
objpct-glass  of  100  feet  focal  distance,  if  we  examine  the  spherical  aberration 
so  as  to  preserve  sufficient  distinctness ;  by  figure  of  a  spherically  concave  metal, 
and  if  the  diameter  of  the  circle  of  sphe-  and  compare  it  with  tnat  of  a  piano - 
rical  aberration  is  computed  for  this  lens,  convex  lens  ground  in  the  same  tool, 
it  will  not  exceed  i85^rr»th  part  of  an  the  former  will  be  4,  while  the  latter 
inch,  while  the  chromatic,  if  restricted  is  9.  But  when  it  is  considered  tliat  the 
to  2 loth  of  the  aperture,  which  is  hardly  focus  of  the  glass  lens  is  4  times  that 
a  fifth  of  the  whole  dispersion,  (or  dia-  of  the  metal,  (for  the  focal  distance  of  a 
meter  of  the  circle  of  orange  and  yellow  plano-convex  lens  is  twice  the  radius, 
.1  1  ■  I  and  that  of  a  concave  reflector  half  the 
light,)  IS  g2]  Of  an  inch,  and  is  there-  radius,)  to  make  their  foci  equal,  the 

fore  about  1900  times  greater  than  the  curvature  of  the  lens  must  l)e  4  times 

other.   But  when  the  aperture  of  a  lens  that  of  the  speculum  ;    and  it  has  been 

is  increasetl  to  30°,  the  spherieal  aberra-  shown  that  the  error  by  figure  increases 

lion  will  be  found  e(iual  to  the  chroma-  inversely  as  the  square  ot  the  radius  : 

tic  in  a  glass  lens ;  but  this  aperture  can  Ijence  the  aberration  of  the  lens  will  be 

only  be  used  for  eye  lenses  or  micro-  <o  tl»at  of  the  reflector  as  4*  x  9  to  4, 

scopes.  or  as  36  to  1,  and  the  distinctness  will 

be  inversely  as  the  areas  of  these  circles. 

Chapter  Vl.'-Rpflprtirig  Telescopes—  which  are  as  the  squares  of  their  respec- 

the  Newtonian— the  (Jregorian^the  t»ve  diameters  ;  so  that  tlie  distinctness 

Cassegrainian—Sir  W,  Herscheirt—  of  a  reflector  will  be  1 296  times  greater 

Mr.  damage's.  ^^^^  ^h*^^  of  a  lens  of  the  same  focus  and 

aperture. 

(26.)  With  these  disadvantages  to  con-  (27.)   The  Newtonian  telescope  /Jg. 

tend  against  in  refracting  substances,  21.   consists   of  a    concave  parabolic 

Sir  Isaac  Newton,  in  the  year   1666,  metal  A,  fixed  at  the  end  of  the  tube 

turned  his  attention  to  reflected  light,  ddd;  the  plane  speculum  c  is  fixed  to 


« 

p^— - 

-_^_____^ 

r 

^ 

"III^^^-^" 

L^- 

■ — '^       ^1 

.£- 

a  wire,  having  its  other  end  attached  to  is  a  single  lens  with  its  flat  side  outer- 

a  dove-tailed  sliding-piece  i  t,  and  the  most,   or    the  astronomical  eye-piece 

face  of  the  plane  metal  is  inchned  to  the  {Jig.  19.)  ;  but  as  the  colour  produced 

axis  of  the  tube  and  the  large  speculum  by  these  eye-lenses  is  not  corrected, 

at  an  angle  of  45°.    In  the  sliding  piece  another  combination,  called  the  nega- 

1 1,  opposite  the  small  metal,  is  inserted  tive  achromatic  eye-p\«cft>  iVvo>M>  \» 

a  short  tube  to  hold  an  eye-piece,  which  used,  ^-hicb  wV\i    \»  ^«Marto«A. '^Vfis^ 
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treating  on  the  chromatic  correction  of 
lenses.  The  adjustment  of  this  instru- 
ment to  distinct  vision  is  made  hy  a 
rack  and  pinion  attached  to  the  slidmg 
pieee  and  great  tube  of  the  telescope,  by 
which  the  eye-piece  and  small  speculum 
is  broufi:lit  nearer  or  fartlier  trom  the 
lart^e  metal.  Let  r  r  be  tlie  rays  of 
lih^ht  comine:  from  a  distant  o])iect,  and 
falling  on  the  large  speculum  A,  these 
rays  would  be  reflected  to  the  focus  e: 
but  meeting  with  the  oblique  flat  metal 
r,  are  reflected  to/,  where  an  image  of 
the  distant  olyect  will  be  formed,  and  is 
received  by  the  eye-lens  g,  by  which  the 
rays  are  rendereil  parallel.  The  power 
of  a  Newtonian  reflector  is  proportional 
to  the  relative  focal  distjinces  of  the 
concave  metal  and  the  eye-lens.  For 
example,  let  the  focal  distance  A  e  be 
40  inches,  and  the  focus  of  the  eye  lens 
g,  half  an  inch,  the  power  will  bUvSU.  It 
sliould  here  be  observed,  that  the  same 
instrument  which  is  free  from  abeira- 
tion  for  astronomical  obsenalion  will 
not  be  so  for  terrestrial  uses  ;  for  the 
rays  in  the  former  case  are  parallel, 
while  they  are  divergent  in  the  other. 
The  cui-ve,  therefore,  of  the  large  spe- 
culum when  required  for  the  latter  pur- 
poses, should  be  elliptical,  having  the 


object  in  one  focus,  and  the  focus  of 
the  eye-lens  in  the  other. 

Tins  telescope,  which  is  more  simple 
than  other  reflectors,  may  be  matly  im- 
proved according  to  the  method  of  Dr. 
Brewster,  who  has  proposed,  (for  tele- 
scopes of  moderate  size,  where  a  front 
view  cannot  Ixi  used,)  to  employ  two 
glass  prisms  in  place  of  the  small 
plane.  By  tlie  experiments  of  Major 
Kater,  it  appears  that  one-third  of 
the  rays  of  hght  is  lost  when  re- 
flected by  a  speculum  at  a  vertical  in- 
cidence, and  probably  not  more  than  68 
outof  luo  are  reflected  at  an  angle  of 
45°,  as  in  the  Newtonian  small  metal; 
in  addition  to  this,  the  imperfection  of 
surface  and  flgiu*e  in  metals,  which 
makes  the  rays  stiay  5  or  6  times  more 
than  the  same  imperfection  in  a  refract- 
ing surf}ice,*  as  well  as  the  difficulty  of 
working  metiils  as  perfect  as  glass, 
induced  him  to  suggest  this  improve- 
ment. Let  a  b,  (Jig,  22,)  be  th«  great 
speculum,  and  r  a,  r  b  parallel  raya 
from  a  distant  object  reflected  to  a 
focus  at  F ;  the  cone  of  rays,  however, 
is  intercepted  by  the  "  achromatic 
prism  c  r/,  and  refracted  to  /,  where  a 
distinct  image  is  formed  in  tue  anterior 
focus  of  the  eye-glass  e  by  which  it  is 


Fig.  22. 


mairnifled.  The  double  piism  cd,  being 
composed  of  a  prism  of  crown  trlass  c, 
and  Jinother  of  Hint  d,  united  by  a  ce- 
ment of  mean  refrnctive  j)0wer,  the  loss 
of  litrht  by  transmission  throudi  tlie  two 
prisms,  says  Dr.  Brewster,  will  not  ex- 
ceed 600  rays  out  of  1 0,000,  as  the  light 
transmitted  throuirh  a  lens  of  irlass,  ac- 
cording to  Dr.  W.  llerschcll,  is  9,-1 « 5 
out  of  1 0,000  incident  rays.  Hence,  the 
hi;ht  lost  by  the  prism  is  only  i  of  that 
lost  by  reflection. 

The  Newtonian  telescoi)es  made  by 
Iladley  had,  in  place  of  a  i)lane  metal 
a  right  anguhu*  prism  P  substitutid, 
having  its  sides  iK-rpcTulicular  to  the 
incident  and  emerirmt  rays.  In  this,  as 
is  accoinplislied  by  the  two  prisms  of 


Dr.  Brewster,  the  image  will  be  erect, 
and  a  less  quantity  of  light  lost  thafl 
by  a  mirror  of  the  common  kind. 

(2S.)  Another  class  of  i*eflecting  tele 
scoi)es  was  invented  by  Dr.  Grciron*,  ia 
IKOO,  but  they  were  not  made  till  sbiK 
years  after  the  Newtonian,  from  the  lUf* 
iicnlty  of  forming  the  metals.  The  G^^ 
gorian  reilector  is,  however,  preferred 
to  the  Newtonian,  and  is  most  coffl* 
monly  used,  because  the  obser\er  ii 
stationed  in  a  line  with  the  ol^ect. 
\Nhereas.  in  the  Newtonian  he  is  ^ 
right  angles  to  it.  Fig,  23  is  a  sec- 
tion of  the  Gregorian  ivflector.  BP 
is  a    concave    metal,    whose   sur£B« 


•  See  Kewtoa'«  Option. 
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II 


-^eec 


n>* 


^^-  23. 


EJpalsasili 


iho'ild  Ik»  formed  by  the  revolution  of    By  assuminfi;  such  proportions  of  the 

^^^,j  ^^  ^j^^^  specula,  as  art'  (generally 
employeil  in  these  instrumcnts.wliiirh  ure 
about  as  1  to  4.  lie  asserts  that  the 
aberration  or  indistinctness  occasioned 
by  the  fiiriircs  of  the  reflectors  (sup- 
posinij  each  worked  ecjually  true)  hi  the 
Casseafi'ahiian  construction*,  is  to  that  in 
the  Gretrorian  as  3  to  5. 

(30.)  In  sidereal  observations  of  ne- 
Ind.'e  and  small  stars,  abundance  of 
liirht  is  necessarily  re(iuired,  and  by 
whatever  means  a  loss  of  liirht  by  re- 
flection or  refraction  can  be  prevented, 
the  adoption  of  su^-h  a  con  str  net  ion 
would  l>e  advi'sable.     Sir  W.  ller-Kchel, 


thehvperliolie  curve :  this  speculum  has 
A  small  hole  in  its  centre.  K  is  another 
ci>ncave  elliptical  small  metal  placed  in 
the  axis  of  the  larijer  one,  at  a  distance 
fri'in  i:  a  little  more  than  the  sum  of  their 
fjcal  distances.  II  are  the  eye-lenses 
^liJinjT  in  a  tube  fixed  behind  the  lari^e 
spec  ilum  :  the  adjustment  is  made  by 
iJif  screw  .y  *,  which  moves  the  small 
Rirtal  to  or  from  the  ijreat  speculum. 
I.t?  r  B  and  r  1)  be  two  piu-ajlel  rays 
fry»n  a  distant  object,  these  will  be  re- 
flt-rri-d  to  the  focus  F  of  the  larire  metal, 
«iu-re  an  imaire  will  be  tbrnied,  and  the 
ray's,  iTuNsinic  e.ich  other,  fall  upon  the 


»ra.ill  '<|>f  i;nlum  K  ;  and  ii  the  focus  of  from  an  invest  iirat  ion  of  the  loss  «)f  liijht 
ln;>  mo^iilnul  coincided  with  the  focus  F,  occasioned  by  the  small  speculum  in 
tl:*  rays  wuuld  have  been  reflected  pa-     reflectors,    constructed   an    instrument 


:r. 


ni\» 


r.;.t'],  l.;it  ni»w  they  torm  a  direct  imai;e  which  entirely  obviated  the  use  of  the 
a'  I.  ;ind  this  imiiire  is  viewed  by  the  second  nn  tai,  by  what  he  called  the 
♦  ;.'-piii:e  or   a  simple  Umis  at  II.     The    J'rofit  ii'nr  telescoi)e.     The  diameter  of 

the  ])olished  surface  of  the  s])eculum  of 
his  lari^e  instrument  was  18  inches,  and 
its  tbcal  dist;mce  -40  feet.  This  metal, 
which  weii;hetl  when  taken  from  the 
castiuiT,  'JI  l>i  lb.,  was  placed  at  the  end 
of  an  iron  tube  4  feet  10  inches  hi  dia- 
meter :  the  otlu'r  end  is  elevated  towards 
the  object,  and  has  attaelied  to  it  a  sini^le 
eye-lens  in  the  focus  of  the  metal;  ihe 
observer  is  mounted  in  a  <:allery  move- 
able witji  the  instrument,  haviiiir  his 
back  to  the  object.  The  liixht  obtained 
from  so  larire  a  surface  bv  this  instru- 
ment  was  tndv  snnu-isiiiir,  and  enabletl 


'.it'yin::  power  of  this  instrument 
c< imputed  thus  . — sup])ose  the 
!•  -u^  of  till*  larire  speculum  B  F  is  9 
I'.lir^,  and  the  focus  of  the  small  metal 
i:  iiicii;  then  \m11  the  aiii^le  be  in- 
r'i*.il  si\  times  :  but  this  must  be 
nr.it.jili.'d  by  tiie  ratio  of  the  distances 
I II.  th«'  lucus  of  the  lens,  and  the  dis- 
till. ■.•  I  F:  aii'l  if  tlu'se  are  as  1  to  8, 
*".  ■snpliticalion  of  the  object  will  be 
'•'''>-  \^  times. 

'-'«.)  Tlu*  (las^iei^i-ainian  reflector  is 
c-T.^rructed  in  the  same  way  as  the 
^fr«i:-»n;in.  with  the  exception  of  a  small 


t  -wx  spherie.d  speculum,  instead  of     objects  otln*nvise   insisible  to  become 
'      a  little  CiUicave  ;  and  as  the  focus  of     extremely   interest  in*;.     This  teleseoj)c. 


':.:s  invlal  is  ne:xative,  it  is  placed  at  a 

ili«»*:irice  fiomthe  larircr  metal,  ecpuil  to 

*'^^:  'iitference  ot  th»  ir  foci,  and  only  one 

i'^liii.^^.'  !>  formed,  viz.  that  in  the  focus 

■f   'he    I ye-i;Iass ;     on    this    aceovuit, 

*iiv  di^tinctni-^s  is  considerably  irreater 

'fi.n  i!i  the  Ctreirorian.    Mr.  Rain^iKn, 

I'l  liiefiVlh  volume  «)fthe  Philosoi»hical 

TrunsAc^ions,  Mates,  that  thisconstnic- 

ti  n  is  preferable  to  either  of  the  former 

f'-Awtors,  because  the  aberrations  of  the 

t»»o  metiils  have  a  tendency  toctnrect 

tiM-h  o'ber:  whereas  in  the  (rrei^orian. 

both   the   metals  M/nr  co/jcum',    nnv 

aror  ia  the  sjfecuJa  will  be  duubWd, 


erected  at  Slouirh,  near  AVinu.sor,  was 
coinjileted  on  the  lic»th  <»f  Aui^ust, 
17^H,  and  on  the  same  day  the  sixth 
satellite  of  Saturn  was  discovered*. 
The  frame  of  this  instrument  ha\inuj 
Cfieatly  (leca\ed,  it  has  been  taken  down; 
and  anotlur,  of  iiO  feet  focus  and  18 
inches  diameter,  erected  in  its  place, 
by  his  son  Mr.  J.  Ilerschell,  in  IbJ-J. 


•  A   fill  ilt-vript.-in   t.f  Ihi;    iiw'r-.jiu'iif  will  lie 
fiiiiKl  m  Jill*  Tr.u:!..uMiiiis  ol   tlio  Uoviil  ?^».«u!y  for 
l/'Jj.  ixiiliii...!  \  y  misin-  ».t  V'*  \A^'*'  •^^••^''*-^  V^^*-'* 
o{  J-Mn-  j»r.-s>;  .u.il  in  auiv\«'  A«'\a\\\-  0N>  a  »N  ^'Wx^ 
rir.-iiiii.t'in«'i»    v.  l.ktitky(  \o    Ua*  iuvcUauvaV  i.N>u*Vr*a 
tiuu  ul  ihiH  iu»truiuvut. 


OFHCAL  1N8TRUHBNW. 


«i  EAMAGB  S  KFU  H-TINO  in  f«<  OH  ,  Ml  <^I>  AT  THE  ROVAl 
OUSERVATOn,  GiatNWICH,  'N  THE  YEAR  18». 
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(31 .)  The  largest  front  view  reflecting 
telescope  at  present  in  this  country,  is 
tl\at  erected  at  the  Royal  Observatbiy, 
at  Greenwich,  by  Mr.  Kamaji:e,  in  182*0. 
Tlio  diameter  of  the  concave  reflector  is 
15  inches,  and  its  focus  25  feet ;  the 
mechanical  arranjjemcnt  of  the  stand  is 
p-cjitly  simplified.  A  perspective  view 
of  the  whole  instrument  is  shown  at 
fig,  24.  The  tube  is  composed  of  a 
twelve-sided  prism  of  deal  \  inch  thick. 
At  the  mouth  c  is  a  double  cylinder  of 
dift'erent  diameters  on  the  same  axis  ; 
around  this  a  cord  is  wound  by  a  winch, 
and  passes  up  from  the  small  cylinder 
over  a  pulley  a,  and  down  throucjh  the 
pulley  ^,  on  to  the  larger  cylinder  at  r. 
Now,  when  the  winch  is  turned  to  raise 
thetelesco]>e,  the  endless  conl  is  un- 
wound from  the  smaller  cylinder,  and 
wound  on  to  the  lander :  the  difference  of 
tlie  size  of  the  two  cylinders  will  be 
doulile  the  (pianlity  raised,  and  a  me- 
chanical force  to  any  extent  may  thus 
be  obtnined  by  duly  p>*oportioning  the 
(ha meters  of  the  two  cylinders ;  by 
this  contnvance  the  necessity  for  an 
assistant  is  sujierseded.  The  instru- 
ment, when  not  in  use,  is  let  down  into 
the  box  d  </,  and  coverinl  with  canvas, 
t«)  prevent  (lust  or  moisture  from  tar- 
nisning  the  speculum. 


Chapter  VII. — Theory  of  Achromatic 
Tekscopei— Double  Object- Glass, 

(.32.)  Ilavintr  noticed  all  the  valuable 
niiKlifications  of  the  reflecting  telescope, 
we  must  now  return  to  tlie  refractincj 
one.  The  most  obvious  and  important 
improvement  in  this  instrument  consists 
in  the  formation  of  object- j;lasses  free 
from  the  errors  of  chromatic  and  sphe- 
rical abeiration,  whence  they  were  deno- 
minated aclironiatic  telescopes.  But 
as  this  word  merely  signifies  freedom 
from  colour,  which  in  common  tele- 
scopes is  sometimes  effected  without  a 
correction  of  the  fitijure  or  spherical 
aberration,  Sir  W.  Herschel  has,  there- 
fore, ver>'  properly  denominated  a  per- 
fect tele*;coi)e npfanatir,  fiom  two  Greek 
words  a  irithuut^  vxat»;  error,  that  is, 
tcithout  errors. 

In  (Note  to  24)  it  was  stated,  that  the 
lensrth  of  the  spectrum  produced  by 
lenses  varii-d,  when  formecl  of  different 
substances :  thus,  if  two  lenses  are 
Biadc  of  the  same  focal  length,  the  one 


of  flint  glass  and  the  other  of  crown,  the 
the  red  and  violet  liprht,  caused  by  the 
leni^lh  or  diameter  of  the  coloured  image 
in  the  flint  will  be  to  that  produced  by 
the  crown  lens  as  3  to  2  nearly.  Now, 
if  we  make  the  focal  lengths  of  the  lenses 
in  this  proportion,  that  is,  as  3  to  2,  the 
coloured  spectnim  produced  by  each 
will  be  equal ;  but  if  the  flint  lens  be 
concave  and  the  crown  convex,  when 
placed  in  contact  they  will  mutually 
correct  each  other,  and  a  pencil  of  white 
light  refracted  by  the  compound  lens 
would  remain  colourless.  Unfortunately 
in  the  formation  of  such  a  lens,  the  dis- 
persion of  the  flint  glass  is  so  variable, 
that  trials  on  each  specimen  require  to 
be  mjide,  before  the  absolute  propor- 
tional dispersion  of  the  substances  can 
be  ascertained*.  As  the  achromatic 
object-glass  is  tlie  most  delicate  test  Ot 
the  dispersion  of  the  medium,  it  is  l)est 
found  by  forming  a  piece  of  the  flint 
^lass  into  a  concave  lens,  and  combining 
it  with  a  convex  of  crown  glass  whose 
ft)cal  length  is  known,  and  varying  tlie 
curvature  of  the  flint  till  the  dispersions 
are  coirected,  i.  <?.  till  the  purple  or  lilac 
fringe  surrounding  a  white  object  on  a 
black  ground  is  obsened  on  one  side  of 
the  focus,  and  a  green  on  the  other, 
when  converted  into  the  object-glass  of 
a  telescope  and  using  a  powerful  eye- 
glass. Now,  if  the  compound  focus  be 
accurately  measured,  and  the  focus  of 
the  convex  lens  known,  the  propor- 
tionate foci  of  each  may  be  ascertained, 
and,  consecpiently,  the  proportion  of  their 
disj)ersive  powers  is  found.  This  cor- 
rection of  tne  spectrum  will  not  correct 
the  error  of  each  colour,  for  the  propor- 
ticmal  lengths  of  the  blue,  green,  or  red 
light  are  variable  in  different  sub- 
stances* :  thiis  flint  glass  is  found  to  re- 
fract green  light  considerably  less  than 
crown  glass,  in  the  proportion  of  the 
whole  refraction  of  the  red  and  violet 
light :  so  that  when  the  divergency  of 


*  1.  It  iif  a.sc«rtained  that  in  all  nunerals  in  which 
a  metal  U  the  priDci^l  ingredient,  those  which 
hare  the  sreate^t  denMity  havr>  alM)  the  greaieat 
faculty  of  prolnriof^  roKmr,  while  in  all  th<>  precioM 
iitone.s  a  hij(h  ro.frartive  power  i»  attended  with  a 
low  disp#T>iv«»  i^twpr. 

S.  'I  hi>  disfu'rvive  powers  of  retins,  gums^  oili,  and 
Imitams  (greatly  exrred  water,  and  correapond  in 
some  ineaMure  \\ith  their  refraction. 

3.  The  muriatii*  and  nitric  acid*  exceed  water  in 
disperikion.  while  the  pAntpAoric,  ci/rif;.  smlphurie,  aad 
tartaric,  acids,  sarpa^ihiof^  them  in  refraction.  ]K)M(f«i 
▼ery  low  dii»per^iTe  powers.  (See  the  Tables  of  K»> 
fractive  aad  Ditpervive  Powen  oiC  d\S«t«tt.\  ^"^ 
ttaacM  in  th«  Txaaluc  ou  Ov^i  "^ 
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refraction  of  the  two  mediums,  is  equal, 
the  divert,n?ncy   of  the  red  and  green 
\\*A\i  is  always  ccreater  in  the  crown  than 
in'the  flint,  and  the  divergency  of  the 
violet  is  always  less  in  the  crown  fflass*. 
Hence  it  must  be   observed,  that  in 
order  to  have  a  complete  correction  of 
all  the  colours,  more  than  two  media 
must  be  used,  and,  therefore,  the  best 
telescopes  have  their  object -lens  com- 
posed of  three  kinds  of  glass.    When 
the  dispersive  ratio  is  known,  and  the 
refractive  focus  of  the  compound  lens 
is  given,  the  refractive  focus  of  each 
must  be  calculated,  and  to  obtain  the 
radius  of  the  tools  for  working  the  lenses, 
their  refractive  foci  must  be  converted 
into  the  geometrical  shown  as  at   (11), 
when  the  object-glass  would  be  com- 
pleted, and  the  task  would  not  be  dif- 
ficult to  perform ;  but  the  spherical  aber- 
ration, ^though  much  less  in  (juantity, 
is  more  troublesome  to  correct,  and  m 
making  tliis  correction,  the  proportion  of 
the  raiiii  of  the  two  siu-faces  of  the  con- 
vex lens  must  be  assumed.  When  a  suit- 
able selection  is  made,  the  aperture  of  tlie 
lens  being  given,  the  spherical  aberra- 
tion must  be  calculated,  when  its  thick- 
ness is  ascertained!-.     And   lastly,  the 
cur\'atures  and  thickness  of  a  concave 
flint  glass  must  be  found  that  will  ex- 
actly balance  the  spherical  aben-ations 
produced  by  the  convex  glass  ;    always 
keep'mijthe  foci  of  the  two  lenses  in  the 
ratio  f^thf^r  dispersive  jxjtver*, 

(33.)  The  radii  of  curvature  of  the 
difterent  surfaces  of  the  lenses  necessary 
to   form  a  double   achromatic  object- 
glass,  when  the  sine  of  incidence  is  to 
tiie  sine  of  refraction  in  the  crown  i^lass 
as  1.528  to  1,  and  in  the  flint  as  1.573') 
to  1,  the  ratio  of  their  dispersive  powers 
being  as  1   to  1.524,  and  assuming  the 
curvatures  of  the  concave  as  1  to  2,  ai-e 
shown  in  the  following  Tahle.  The  first 
column  F  is  the  compound  focus  of  tho 
object-glass  in  inches  ;    r  the  radius  of 
the  anterior  surface  of  the  crown ;  R 
its  posterior  side ;  r'  the  radius  of  the 
anterior   side  of  the  concave   lens    of 
flint  glass  ;    and  H'  its  posterior  sur- 
face. 


F 
12 
8t 
Si) 
86 
48 
60 
120 


r 

S 

6. 

7.5 

9. 
12. 
15. 
SO. 


R 

4.632 
9.S01 
11. 6S 
18.956 
18.608 
23.260 
46.520 


4.171 

10.428 
12.552 
16.681 
20.856 
41.712 


R' 
8.S49 
16.684 
20  8^6 
95.027 
3S.S69 
41.712 
8S.424 


•  Dr.  BLiir. 

+  The    lonjfituJiiial   aWrration  of  a  Icus  of  (flass 
m.iy  W  founil    •>/  thu  fitll«i\viii>r    jriMii-ral   thittrem, 
where  r  ih  the  railius  of  thi-  tir>t  Mirtare.  K  iht  se- 
cond surUce.  ami  T  the  lhirkno-s>  of  the  li-iis. 
y  27  ra  +  6  r  R  +  7  rtt  N 

\        G  +  (r  X  U)*  J 

Boe  Martin'H  new   Optics,    part  vi,  cliaptcr  3;   or 
6taith'»  Optics,  book  ii,  chapter  Lb. 


In  these  computations  it  may  be  re- 
marked tliat  the  radius  of  the  anterior 
surface  of  the  concave  Ixjing  less  than 
the  posterior  side  of  the  convex,  admits 
of  its  approach  without  tquching  in  the 
centre,  which  should  always  be  a  neces- 
sary practical  condition. 

Chapter  VIII.— ^;^/rt»«'«c  Telsfcopen 
of  Clairiiulrs  ConsPruction—Mr.  J. 
kllersrhelfg  Olgect-Glvas  — Triple 
Objpct'  Glasses  —  Fraunhofert  and 
Tulleys  Telescopes — Galilean  Tele- 
scope  and  Opera  Glass^Achromatie 
Opera-Glass—  Dr.  Brewster's  Fluid 
Opera-  Glass. 

(34.)    The  problem  for  the   choice  of 
the  proportional  curvature  of  the  as- 
sumed convex  lens  is  of  the  kind  called 
indeterminate,  or  admitting  of  an  infi- 
nite variety  of  solutions.      In  conse- 
quence    of  this,  it  allows  an  endless 
number  of  combinations  of  lenses,  and 
each  may  be  free  fiom  spherical  aber- 
ration.   It  becomes  therefore  a  matter  of 
considerable  delicacy  to  fix  our  choice 
among  them,  and  numerous  construc- 
tions have  been  calculated  by  dift'erent 
authors.      Thus     Clairault,    a   French 
mathematician,  has   ijiven  a  construc- 
tion in  which  the  two  internal  surfaces 
are  worked  of  equal  radii,  tlie  one  con- 
vex and  the  i)ther  concave,  so  as  to  ad- 
mit of  being  cemented  together,  and  thus 
avoiding  the  loss  of  light  by  reflections 
at  the  two  surfaces.    But   having  em- 
ployed indices  of  dispersion  in  his  com- 
putations, higher  than  what  ai-e  usually 
met  with  in  practice,  and  when  those 
most  likely  to  be  obtained  are  used,  the 
radii  change  so  rapidly  as  to  render  this 
construction     difficult    to    inteqiolatf. 
where  the  artist   is  no  algebraist  ;  and 
hence  it  must  lose  much  of  its  value  to 
the  practical  optician. 

(:}.).)  Another  construction  has  lately 
been  proi)osed  by  Mr.  J.  F.  Herschel, 
in  which  he  states,  that  the  destruction 
of  the  spherical  aben-ation  is  eiiiured, 
not  only  for  parallel  rays  from  celestial 
objects,  but  als:o  for  those  that  diverge 
from  objects   situated   at  a  moderati 
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finite  distance ;  snd  on  these  conditioas 
lie  has  rendered  tlie  problem  deter- 
minale,  while  the  radii  resulting  from 
the  construction  are  such  as  will  satisfy 
the  following  more  important  condi- 
tions : — I  st.  The  curvatures  assigned  to 
eiich  surface  are  more  moderate  than 
in  any  othiT  theoretical  combination. 
3nil.  The  exterior  surfaces  of  the  com- 
pound lens  vary  within  narrow  limits  Ijy 
any  variation  in  either  the  refractive 
or  disiiersive  powers  that  generally  occur 
in  practice.  Jrd.  That  the  two  interior 
surfaces  appronch  in  all  ca<ie3  so  near 
to  coincidence,  that  no  sensible  error 
can  arise  from  neglecliiig  their  dif- 
ference ;  fiuHllv,  he  stales  nn  a  theurem, 
which  will  be  found  sufficiently  exact  In 
practice,  that  a  double  object-glass 
fvill  be  tree  from  aberration,  provided 
the  radius  of  the  exterior  surface 
of  the  crown  lens  be  G.720,  and  of 
the  flint  14.20,  the  focal  length  of  the 
combination  being  lU.UO,  and  the  radii 
of  the  interior  surfaces  being  computed 
from  these  data  so  as  to  make  the  focal 
lengths  of  the  two  glasses  in   the  direct 

,.^i 


•T  that  which  receives 
an  unequally  convex 


lens  ofcrown  glass,  the  flatter  side  being 

eliiced  outermost;  the  posterior  glass 
is  a  meniscus  of  flint  glass. 
The  rule  here  stated  is  given  only  as  an 
approximation,  and  will  no  doubt  be  suf. 
ficiently  exact  for  ordinary  practical  pur- 
poses ;  but  when  object-glasses  of  great 
aperture  and  value  are  to  be  constructed, 
their  radii  must  he  computed  more 
strictly,  and  for  this  purpose  we  shall 
subjom  Mr.  Ilerschell's  Tabi.b,  calcu- 
lated upon  the  rigorous  formulie  as 
given  in  \\\c  Philomphical  Transaction* 
for  1821  :— 


Dimnaiong  of  an  Aplanalie  Double  Ohject-Glait. 
'^slhL-ri^^lJ^,"''.'.''.'.'.     I'.lVs  JCompound  Focal I^ngih,  10^00. 


l.tS=Tf.=rCo.„,. 

^w.„ 

4tl,:^.,f.r.C..vr.. 

J 

J 

i= 

■i 

in 
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:i 
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mi 
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1 

1 

i 

ill! 
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!• 

1 

4^ 

■r-H 

>',^r= 

i 

ii 

i 

» 

' — ' 

—~* 

o.so 

C.7IB5 

-t-0.0500 

-O.OOSB 

.1,S82T 

4.1S75 

u.srgT 

+0,0321 

-0.3D6. 

s.o 

10.0000 

a.5- 

P. 718 

+0.OTJO 

-o.oon 

1.633! 

S.BOHf! 

M.SS53 

+  1.00'<D— 0  5033 

l.fl 

8.1818 

0.60 

fi.TOBH 

+  O.ORTB 

-1-0,00117 

S.0488 

S.08J0'll,S937 

-|-r.1l)J9 -0.5^59 

1.0 

B.SnfiT 

0.C5 

O.ISIC 

+a.05BH 

+0,0IB5 

»..MI)8 

1 
S,5.5CC  1S.S709 

-H.1fill-0.BMS 

5.38 10 

0.70 

fi.S279 

-ho.osss 

+  0.0312 

!.om 

3.0831   IS. 3151 

1 

+  1.IG13-0.7S703.0 

■l.!838 

0  7S 

-non 

4  n.0.-.fi8 

1.6075 

i.e^sii  lo.sisf 

-1-1.3817-0,72072.5 

.1.3333 
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The  dimensions  in  thfe  table  are  com-  of  the  latter  as  0.56^.1  or  0.S87  being 
puled  on  the  supposition  of  the  focal  the  dispersive  ratio, 
length  of  the  oYject-glass  being  1 0 ;  and  The  computation  must  first  be  made 
to  adjust  them  to  any  other  assigned  as  for  an  object-glass  of  10  inches  focus, 
focal  length,  all  that  is  required  is  to  and  first,  we  must  determine  the  focal 
increase  or  diminish  the  radii  here  set  length  of  the  separate  lenses,  to  this  end. 
down  on  the  proportion  of  the  assitj^cd  1.  Subtract  the  decimal  (0.567)  re- 
focal  length  (m  inches,  feet,  or  parts  of  presenting  the  dispersive  ratio  from 
any  given  scale)  to  ten  parts  of  the  1.000,  and  the  remainder  multiplied  by 
same  scale.  1 0,  is  the  focal  length  of  the  crown  lens 

When  the  refractive  powers  of  the  (in  this  case  10  x  0,433,  or  4,330.) 
cwo  media  are  exactly  1.524  and  1.585        2.  Divide  unity  by  the  decimal  above 

(which  are  nearly  their  average  values)  mentioned  (0.567,)  subtract  1,000  from 

respectively,  and  the  dispersive  ratio  is  the  quotient  and  multiply  the  remainder 

any  one  of  the  numbers  in  the  first  by  1  o,  and  we  get  the  focal  length  of 

column,   this  table  gives  at  once  the  the  flint  lens.     In  tliis  case  before  us 
exact  values  of  the  radii  required ;  but        1  , --oe       i/»^ 

when  this   is  not  the  case,   we  must  o":567  =!•' 635  and  0.7635x10=  7.635 

proceed  as  follows :— Suppose  (for  ex-  is  the  focal  length  required.    We  must 

ample's  sake)  we  would  find  the  proper  next  determifie  by  the  tables  the  radii 

radii  for  the  surface  of  an  object-glass  of  the  1st  and  4Ui  surfaces  for  the  dis- 

of  30  inches  focal  length :  the  refractive  persive  ratios  their  set  down,  (0.55  and 

index  of  the  crown  lens  being  1.519,  o.60),  next /cw  and  next  greater  than 

and  that  of  the  flint  1.589,  the  dispor-  the  given  one.    For  this  purpose  we 

sive  power  of  the  former  being  to  that  have 

Refractive  powers  given  1.519  and  1.589 
Ditto  ditto  in  the  table  1.524  and  1.585 
Difierences  —  0.005  and  +  0.004 

The  g^ven   refraction    of    the    crown  to  0,55  in  the  first  column  for  the  varia- 

being  less  and  the  flint  greater,  than  tions  in  the  two  radii  corresponding  to 

their  average  value  on  which  the  table  achar^  of  +  0,010  in  each  of  the  two 

is  founded.    Looking  out  now  opposite  refractions,  we  find  as  follows  :^ 

1st  surface    4th  surface. 

For  a  charge  =  +  0.010  in  crown  +  0.0740  +  1.0080 
Ditto     ditto     =  +  0.010    in  flint   -  0.001 1  -  0.5033 

But  the  actual  variation  in  the  crown  these,  changing  the  sign  in  the  case  of 
instead  of  +  0.010,  being  —  0.005,  wo  the  crown  :  Thus  we  find  the  valuations 
must  take  the    proportional  parts   of    of  Uie  first  and  last  radii  to  be  : 


1st  »:nrfacp. 

4th  aarface. 

-     0.0370       . 

-       0.5040 

—    0.0004 

-       0.2010 

For     —    0.005  variation  in  crown 
For     -}-    0.004    ditto      in  flint 

Total  variation  from  both  causes  —  o.o;i74  and  —  0.7053 
But  the  radii  given  in  the  table  are  +  6.71  s4  and  +  14.5353 
Hence  the  radii  interi)olated  are,  G.G810    and    13.8300 

If  wc  interpolate  (by  a  process  exactly  similar)  the  same  two  radii  for  a  dis- 
persiveVatio  O.fJO,  we  shall  find  respectively: — 

Ist  sMrfari*.  4Th  airfare. 

For  —  0.005  variation  in  crown  —  0.oa:r*s  and  —  0.3524 

For   +  0.004  ditto        in  flint  +  O.ooi.O           —3.2264 

Total  variation  —  0.o:32;l  and  — "oTTTbS 

Radii  in  the  ta])le  0.7069             14.2937 

Interpolated  radii  6.6746    and    13.5149 


OPTICAL  INSTRUMENTS. 


t3 


Havingthusg^  the  radii  correspond-  remains  to  determine  their  values  for 
ini;  to  the  actual  refl-actions»  for  the  two  the  intermediate  ratio  0.567  by  propor- 
dispersive  ratios  0.55  and  0.60,  it  only    tional  parts  thus:«- 


For 
For 


0.600 
0.550 


Ditr.  +  0.050 


lit  radias. 
6.6746 
6^6^10 

-0.0064 


4th  radiiM. 
13.5149 
13^300 

-0.3151 


We  then  say  as  0.050  :  0.567—0.550 
=  0.017:; -0.0064  :  -0.0022  and   .050 

:  .oi7::-o.3i5i  :  -0.1071,  so  that 

6.6810-0.0022  and  13.8300  -0.1071  ; 
or  6.678S  and  13.7229  are  the  true  radii 
coiresponding  to  the  given  data : 

Thus  we  have  in  the  crown  lens  : — 

Focal  lensrth  =  4.3300) 

Ra(hus  of  lirst  surface  =  6.6788  > 
Index  of  Refraction      =  1.5190* 

From  which  data  it  is  easy  to  com- 
pute, by  rules  familiar  to  every  optician, 
the  radius  of  the  other  surface,  which 


will  come  out,  3.3868.     Again  in  the 
flint  lens  we  have  tor  the 

Focal  lenpfth  =     7.635  ) 

Radius  of  iirst  surface  =  13.7229  > 
Index  of  refraction        =     1.589   ) 

Whence  we  find  3.3871  for  the  radius 
of  the  other  surface. 

The  four  radii  are  thus  obtained 
for  a  focal  length  of  1 0  inches ;  and 
to  obtain  them  for  30  inches  we  have 
only  to  nuihiply  them  by  3,  and  we 
obtain  finally.  Iii  the  case  proposed, 
the 


Railint  of  IhI  imrfactf,  of  Snd,  3rd.  4th. 

20.0364  inches       10.1604  inches,       10.1613      and  41.1697. 


So  that  here  the  radii  of  the  two  ad- 
jacent surfaces  scarcely  differ  more 
than  TTi'off^h  of  an  inch,  and  may  of 
course  be  cemented  together,  should  it 
be  thought  desira])le. 

(36.)  The  triple  object-glass  is  con- 
structed in    the   same   manner   as  the 
double,  but    as  we  have  two  convex 
lenses  to  produce  the  recpured  refrac- 
tion, the  total  spherical  aberration  will 
be  less  in  a  triple  lens  than  in  a  double 
one,  and,  therefore,  recj^iiires  less  correc- 
tion by  the  flint ;   wmie  the  secondary 
spectrum  may  be  greatly  diminished  by 
making  one  convex  lens  of  crown,  and 
tlie  other  of  Bohemia,  or   Dutch  plate 
glass.    The  theorems   for  finding  the 
proportionate  foci  of  the  two  lenses  are 
indeterminate ;  for  theoretically,  it  is  im- 
material whether  their  foci  be  equal,  or 
in  any  other  proportion,  provide<l  the 
compound  lens  be  in  the  ratio  of  the 
dispersion  of  the  flint.    Again,  the  radii 
of  the  concave  may  be  varied   to   any 
convenient  curvature,  as  there  are  two 
convex  lenses,  and,  therefore,  the  aber- 
ration camiot  be  greater  than  the  con- 
vex  lenses  will  correct*.      When  the 
radius 'of  each  surface  is  equal,  and  the 
ratio  of  dispersion  and  refraction  is  the 

*  In  a  double  achromatic  object  jIms,  the  convex 
lens  shimid  be  avuined  fint,asi  the  flint  might  be 
formed  with  more  aberration  than  tht  conrex  could 
correct. 


same  as  in  the  double  achromatic  object- 
glass,  and  the  compound  focus  of  the 
lens  is  30  inches,  the  radii  of  the  first 
convex 

=   21.35. 
15.93. 


will  be 


of  the  concave 


second  convex 


fr'  =  13.9. 
1R'=  13.9. 

fr"=  21.35. 
1R'=  15.93. 


(37.)  The  largest  triple  achromatic 
tCiCscope  ever  constructed,  has  lately 
been  erected  in  the  observatory  of  the 
imperial  university  at  Dorpat,  on  the 
loth  of  November,  1824,  and  was  mado 
by  Fraunhofer,  the  late  director  of  the 
Optical  Institute,  at  Benedictbauem, 
near  Munich. 

The  concave  is  formed  from  a  piece 
of  dense  flint  glass  made  by  Guinand, 
and  has  a  greater  dispersive  power  than 
any  obtained  before.  It  is  perfectly 
free  from  veins;  and  the  diameter  of 
the  object-glass  exceeds  that  of  any 
other  telescope,  having  a  clear  aperture 
of  ^Jj*6  inches,  and  a  focal  distance  of 
25  feet.  This  instrument  is  mounted  on 
a  metal  stand,  and  although  of  the  im- 
mense weight  of  5000  Russian  pounds, 
is  moveable  in  every  direction  with  the 
slightest  exertion,  all  the  moveable  parts 
being  balanced  by  counter-weights.  It 
has  4  eye-glasses,  the  lowest  magoif^vw^. 
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1 75  times,  and  the  hip^hest  700  times : 
the  cost  of  this  instrument  was  1300/. 
sterling.  Another  telescope  has  lately 
been  made  of  similar  materials  in  Kni;- 
Jand  by  Mr.Tulley  ;  the  aperture  of  the 
object -glass  is  6^%,  and  its  focal  length 
is  12  feet.  This  instrument  is  now  in 
the  possession  of  Dr.  Pearson.* 

(.JS.)  The  Galilean  telescope  was  in- 
vented in  1590,  by  the  illustrious  person 
from  \vh(>m  it  derived  its  name ;  but  as  it 
is  susceptible  of  little  improvement  fix>m 
Ihe  nature  of  its  construction,  it  is  sel- 
dom us^d  except  for  opera  glasses,  in 
which  the  shortness  of  the  construction 
rcmicrs  it  available.  It  consists  of  a  sin- 
gle convex  or  achromatic  object-glass, 
whose  focal  length  is  usually  from  4  to 
h  inches,  which  it  rarely  exceeds.  The 
eye  glass  is  a  double  or  plano-concave 
lous  from  ^  an  inch  to  2  inches  focus ; 
the  distance  between  the  two  glasses 
is  cijual  to  the  difference  of  their  focal 
lengths,  and  tlie  power  is  in  the  ratio  of 
theii  foci,  as  in  the  astronomical  tele- 
scope.    lUg,  26  is  a  section  of  the  Gah- 


lean  construction  for  an  opera-^lass. 
I^t  O  be  the  object-glass  of  6  inches 
focus,  £  the  concave  eye-glass  2  inches 
focus ;  the  distance  O  £  will  be  4 
inches,  and  the  power  will  be  expressed 
by  6  inches  divided  \ry  2  inches,  equal 
to  3  times.  The  distinctness  of  the  Ga- 
lilean construction  exceeds  that  of  any 
otlier,  and  arises  from  the  rays  of  light 
proceeding  from  the  object  directly 
through  the  lenses  without  crossing  or 
intersecting  each  other ;  whereas,  in 
the  combination  of  convex  glasses,  they 
intersect  one  another  to  form  an  image 
in  the  focus  of  the  object-glass;  and 
this  image  is  magnified  by  the  eye-lens 
vrith  its  imperfections  and  distortions. 
With  a  power  of  8  and  a  12  or  16 -inch 
object-glass,  the  satellites  of  Jupiter 
have  been  distinctly  observed ;  while  t 
common  astronomical  telescope  of  4  or 
5  feet  focal  length  has  scarcely  rendered 
them  visible.  The  area  or  field  of  view 
in  this  instrument  is  very  limited,  and, 
on  that  account,  it  cannot  be  used  for 
high  powers,  as  the  objects  seen  at  one 


Fig.  26, 


view  are  always  as  the  area  of  the  pupil 
of  the  eye,  and  not  as  the  area  of  the 
eye  glass,  as  in  convex  lenses.  Tbus,  if 
afj  (  /f^.  20.)  is  larger  than  the  pupil  of 
the  eye  thoy  will  not  1)«^  seen»  althouah 
refracted  by  the  lens  K ;  but  it  should 
l)e  remembered,  that  Jis  the  rays,  when 
lluy  have  passed  through  the  eye-glass, 
arc* not  converijed  to  a  f«)cus,  the  nearer 
the  eye  is  pluced  to  the  lens  E,  the  more 
numerous  will  be  the  o])jects  seen  at  one 
view. 

(VJ,)  The  construction  of  opera- 
glasses  might  be  achromatic,  when 
made  with  only  two  lenses,  ])rovided  the 
focal  length  of  the  object  and  eye-lens 
are  in  the  ratio  of  the  dispersive  and 
refractive  powers  of  the  media  from 
which  they  are  formed.  Thus,  if  an 
object  iens  be  made  of  rock -crystal, 
whose  focal  distance  is  5,  and  tlie  eye- 
■■  ^^— —  ■  — ^— — 

*  dee  Asttooomical  Tr&nMC^ons,  vol,  ii. 


lens  be  formed  of  oil  of  cassia,  fixed 
between  two  parallel  pieces  of  ^ass,  or 
other  convenient  substance  so  cun'ed 
as  to  give  a  focus  of  1.02,  the  combina- 
tion will  be  achromatic,  with  an  amply- 
fying  power  of  4^5  times.  If  the  con- 
cave lens  had  been  formed  of  flint-glass, 
with  the  same  object  lens,  a  magni^inz 
power  of  two  might  be  obtained,  om 
the  combination  would  be  free  from  all 
colour.  If  oil  of  aniseed  were  used  for 
the  concave,  the  power  obtained  to  make 
the  instrument  achromatic  would  \» 
2.82  times*. 

The  following  Tahlb  exhibits  the 
refractive  and  dispersive  powers  of  diffe- 
rent substances  ca])aljle  of  producing 
achromatic  combinations ;  and  it  shouu 
be  remarked,  that  the  medium  used  for 
the  eye-lens  must  have  the  greatest  dis- 
persive power  :— 

*  Dr.  Brewster's  tTffttiM  on  new  optical 

ments. 
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fhttmfUj^Hm 


lUArartlTC  DUpenlf* 
Fow«.         Power. 


1.  OilofCaMia 1.B41 

« Aniseed    1.601 

9. ^  Cummin   1.508 

4.  ■           Cloves 1.595 

5.  —  Sassafras •  ].5S:{ 

6. Swcol  Fennel  Seed  1.506 

7.  —  Spearmint    ....  1.481 

8. Pimento 1.507 

9.  Flint  Glass 1.616 


.139 
.077 
.065 
.062 
.060 
.055 
.054 
.052 
.048 
.052 
.018 


SulMtanm  tn  hr  rmploycd  for 
Ob)ect>Lcnf«t. 


RclHrtlvt    X)i«p«nlf« 
Pow«T.  To-uer. 


Chapter  IX. — Dr.  BretcMfer's  Telescope 
/or  meaffurirtfr  Distances  —  Dovble 
Image  Telescope — Graphic  Telescope 
'^Achromatic  Eye- Pieces, 

(40.)  A  telescope  for  measuring  the 
distances  of  objects  was  invented  by  Dr. 
Brewster,  for  which  he  obtained  a  pa- 
tent in  1810.  When  describing:  the  tele- 
scope/^jt.  15  and  16,  it  was  stated,  that 
as  the  object  ai)proached  the  instru- 
ment, the  eye-tube  re(juired  to  be  drawn 
out  to  adjust  the  instrument  for  distinct 
vision :  now  the  measure  of  the  quantity 
required  to  be  drawn  out,  if  repstered 
on  the  sliding  tube  by  divisions,  and  by  a 
corresponding  mark  on  the  outer  tube, 
would  determine  the  distances  of  the  ob- 
jects. The  increa.se  of  the  focal  length 
of  the  object-plass  mjiy  be  found  by 
dividing  the  square  of  the  focal  length 
of  the  object-glass  by  the  distance  of 
the  object,  minus  the  focus  of  the  ob- 
ject-lens :  thus,  if  the  focus  of  the  ob- 
ject-lens is  2  feet,  and  the  distance  of 
the  object  50  feet,  the  tul)e  must  be 

2-5 
drawn  out  r—  -  :r  ^r  1  inch  from  the 

50  —  2 
solar  focus,  to  adjust  for  distinct  vi- 
rion of  the  object ;  but  the  length  of 
these  divisions  would  l)e  in  a  decreasing 
ratio,  and  the  quantity  is  almost  imper- 
ceptible for  great  distances  :  thus,  if  two 
objects  he.  lUO  feet  apart,  and  the  near- 
est 200  feet  from  the  o])server,  the  dif- 
ference of  adjustment  for  these  two  ob- 
jects would  be  only  ^gn  of  an  inch.  In  the 
patent  construction  this  quantity  may  be 
increased  to  almost  any  required  length, 
by  means  of  two  object-glasses;  the 
inner  one  is  about  i  of  tlie  focal  length 
of  the  principal  lens,  and  being  fixed  to 
tlie  eye-tube  slides  along  with  the  eye- 
piece. T>ns  instrument  has  been  found 
useful  at  sea  in  determining  the  distance 
of  head-lands,  and  in  war,  when  an 
enemy*s  ship  is  gaining  sail ;  this  is  de- 
termined by  taking  two  observations. 


Crown  Class \.^^A  .0.')6 

Plate  Glass    1.527  .032 

Water    1.S86  .0.S5 

Alcohol  1.374  .029 

Sulphuric  Acid 1.410  .031 

Oil  of  Ambei^ris I..*i68  .032 

Rock  Crystal    1 .562  .026 

Topaz    .' 1.638  .02  J 

Diamond 2.470  .038 


and  noting  the  differetice  of  the  quan- 
tity required  to  be  drawn  out  or  pushed 
in  to  obtain  a  distinct  vision ;  and  \>hen 
the  time  between  each  observation  is 
known,  the  rate  of  the  vessels  sailing 
may  be  ascertained. 

(4 1 .)  Another  instniment,  nearly  for 
the  same  purpose  as  the  one  just  de- 
scribed, but  possessing  more  accuracy 
for  measuring  anirles  and  distances,  was 
constructed  by  the  Abb/"*  Rochon.  This 
instrument  is  the  ordinary  telescope, 
with  a  double  refracting  prism  of  rock- 
crystal,  placed  before  the  eye-glass ;  this 
pnsm  produces  two  images  of  an  object. 
These  images  may  be  made  to  approach 
to  or  recede  from  one  another  by  alter- 
ing the  distance  of  the  prism  from  the 
eye-glass ;  but  the  object  is  better 
effected  by  a  method  proposed  by  Dr. 
Brewster,  in  which  the  first  glass  of 
the  telescope,  together  with  the  prism, 
which  may  be  cemented  to  it,  is  made 
to  slide  to  or  from  the  other  glasses  of 
the  eye-piece,  and  the  quantity  moved  is 
registered  by  divisions  on  the  tube. 
This  variable  eye-piece,  which  changes 
the  power  of  the  telescope,  is  so  ad- 
justed, that  the  two  images  of  the  object 
shall  be  in  accurate  contact ;  when  this 
is  done,  if  an  observation  is  made  to  find 
the  angle,  the  index,  \iy  previous  expe- 
riment, \^ill  give  it ;  but  when  it  is  desi- 
red to  know  the  rate  of  motion  of  the 
object,  another  observation  must  l)e 
made  at  a  determinate  interval,  and  the 
difference  of  adjustment  required  in  the 
two  observations  to  bring  the  images  in 
contact  will  determine  its  distance,  the 
swale  being  previously  ascertained  by  ex- 
periment or  calculation.  The  imperfect 
crystallization  of  (juartz,  and  t'le  difficulty 
ot  working  it,  led  Dr.  Brewster  to  adopt 
the  colourliss  tojaz  of  Sew  Holland  to 
form  his  double-refracting  prisms,  it 
being  much  freer  from  veins  and  imper- 
fections, besides  possessing  the  advan- 
tage of  a  lower  dispersive  yower*    Uw 
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certain  sections  of  the  ciystal,  when  we 
rocjuir*'  unly  a  veiy  small  separation  of 
tin*  iinaETOs,  wi*  may  i)ro«*erve,  on  both 
sides,  tlu'  natural  smface  of  the  cleav- 
Jiire.  The  other  mean»<  of  ])roeurinfi:  a 
iluul)lc  imajre  proposal  i)y  Dr.  Brewster, 
we  shall  su])join,  as  beinsf  well  worthy 
consideration  for  micronietical  i)uq)oses. 
1.  The  double  ima«^^  may  be  produced 
by  a  small  biseele»l  ])lane  specuhim, 
pi:u\'d  between  ihe  eye- lens  and  the  eye, 
and  t)ne  of  the  hahfs  may  br  made  to 
move  by  a  screw,  not  fortlie  purpose  of 
Ijrniffini  the  imairos  in  contact,  but  in 
or(U*r  to  vary  the  constant  anijle,  ac- 
cordinij  as  it  is  wanted,  for  huxe  or 
small  (Uses.  2.  The  duplicature  ot'  the 
ima*:re  may  be  efleeted  by  bisectinir  the 
eye- Ions,  or  by  ])lacinj^  a  biseded  lens 
between  the  eye-lens  and  the  eye.  3. 
The  two  imati^'S  may  i>e  formed  by  a 
sliLrhtly-inclini»d  face,  trround  upon  a 
highly-polished   and    parallel  plate  of 


fluor-spar,  one  ima(i;e  bdng  seen  by  Ktlt 
of  the  pupil  throuiirh  the  parallel  platr, 
and  the  other  throu&:h  the  inclined  face. 
Fluor-spar  is  recommended  t>ecause  of 
its  producing  a  less  dispersion  under  t 
^ven  anfi:le  than  any  other  substance ; 
and  even  this  mis^ht  be  removed  b}'  the 
ortlinary  means. 

(4*i.)  The  <o*aphic  telescope  is  era- 
])loyed  for  the  dehneation  of  olijeets 
situated  at  any  distance  from  the  in- 
strument, which  may  l)e  represented  of 
any  ivquired  size ;  and  is  used  for  draw- 
ini:  portraits,  landscapes,  and  architec- 
tural subji»cts.  It  was  invented  in  Ibll, 
by  Mr.  C  Varley,who  obtauicd  a  patent 
for  it.  This  instnmient  consists  of  an 
astronomical  telescope  of  low  powa*, 
placwl  between  two  plane  rene«*.Ung 
specula,  with  a  particular  constructiiyn 
of  the  eye- piece  to  coiTect  llie  distortion 
of  the  imatre  i>rotluced  by  the  eye-glass. 
Fig,  '27,  is  a  section  of  Uie  instrument 


X 


^ 


O  is  the  oliject  dass,  E  the  eye-irlass, 
and    F  F  two  meniscus    lieUl-Lrl asses, 
whose  form  and  distance  from  the  eve- 
jflass  are  so  adjusted  as  to  produce  a  llat 
anil  enlarircil  lield  of  view.     The  rays  of 
liirht    procoedini;    trom  an  objtet   enter 
the  side  of  the  tube,  and  imjnnire  upon 
the  fl.it  sjKeuUmi  v,  pi  .erd  at  an  anirle 
of-lTi'with  the   axis   of  the  telescope, 
as   is   sh'uvn  in  -wtion  at  A  ;   the  rays 
will  Ik?  relleeted  by  this  spreulum  aloiV^^ 
the  axis  and  throuVh  tlu-  object -irliiss  o" 
and  are  coin  erufcd  to  a  tbeiis  juar  tise  field 
lens  F,  where  an  invirlel  iinaire  ol  the 
object  will  be  formiHl  and  niiiv  be  n-.-i-A fd 
by   the   oye-ijlnss  K;   lastly,   th;'v  wiii 
strike  the  other  Inelined  11  at  rcfh-et/ir,  and 
be  refleeted  uj)  to  \\w  eye  placed  above 
at  a.     When  a  piece  of  p.ipcr  is  phiced 
below  the  speculum  /*,  the  ohscrver  h-'wv^ 
su]»posed  to  look  down  on  the  specu- 
lum, keepinir  both  eyes  ojk-u,  he  will  be 
able  to  see  an  imai^e Ofthe  object  on  the 
paper  when  the  instrument  is  adjusted 
to  its  piutpar  tocus.    Tliis  represcutation 


may  be  traced  with  one  or  both  eyes,  and 

the  size  of  the  imaire  may  be  varied  !«y 
alteriuir  the  distance  of  i he  paper  from 
the  speculum,  or  bychanirini;  the  ma;;- 
nitunir  power  of  the  instrument.  Iftln: 
first  spceidum  *  Ix*  taken  away,  the 
sides  of  the  objects  are  i-e versed  (as  I'n 
an  enL'raseil  opper-plate.)  the  spicu- 
linn  /•  ionns  the  imatre  erect,  whivh  was 
in\ert»'il  by  the  eye-ijlass  K,  and  pre- 
vents the  telesc(»pe  trom  interceplinif  * 
view  of  the  paper.* 


•  'I  )••'  ■ii;vr!».ir  nf  this  iti^tniniiMit  hi*  rn:;  l-»ivl  it 
ViTv  ixri'.i  :v,-ly  ill  *k't.  >.it:^  :r.«:ii  n.if -ir.-  ;  i  ,  :':f:  'h* 
niimi'.ii'i.M*  li-.trii'f- of '.■.■;ilf,  Ihr  vit'w  >  I  ^'  ui:'' •* 
Rrctr  v.iini-  ..:;  .i '.•(mn!  .»t  rh.-ir  a.-.-TirH.-v  ;  hi  hin  »!•« 
:ii  I  !■•  •■• ::  'iii^  iii<'. r-iiiii'i;t  muk.-  v  t*  rur;.-,:*  *  :«'\v«  jl 
fh..-  -  i-  ..:  t».  ■  1 1-.-  r.  .r.l  n\  r.i-..  at  S'.a>!.-ta  .\ '..!..  r, 
N<'V-i''ii'ii«'iin*  I:,  .1  in  A  .IS,'  <hipiii:-^  aii.i  '«.-..ii.  i| 
In  «<r  .n.ly  \:\\  ..I'.l.-,  .i>  >;.,■  iri  n'r  ,  .,  lu,,.,  ,^  i\^ 
'If'.i:!-.  .'t  thf-.!  ii'i;i'-f»  .iw  i..»:  nt  .■*  ;{<».i:u-»;!"3j 
H.r-iri'  WV  li-ivi- |»<^i  ii.fornirl  that  this  iRH»r;in.'nl 
w.i>«  th«-  orii'  iMiipliiycl  in  making  ihe  p.fcni>raaM 
vuMv  lit  t!,f  iiii-iri-,wili.4  from  the  lop  ot'  St.  rnul'^ 
f«»r  the  fxhihiti.in  uf which  »  ImilJinf  in  the  iiei(pat*i 
Viirk,  called  -the  Coli&euai.  luw  xvccBtl/  been  crwidL 


OinCAL  INSTRUMENTS. 


«7 


)  The  achromatic  or  negative 
ece  generally  adi^ted  to  astrono- 
tclescopes,  is  a  combination  of 
intended  to  correct  the  dispersion 
ced  by  the  eye -glass,  independent 
object  lens.    Let  O,  Fig.2S,  be 


the  object-glass  of  a  telescope  free  from 
chromatic  dispersion,  and  E  tlie  eye- 
glass ;  let  F  be  the  focus  of  the  object- 
glass  O,  where  an  inverted  image  is 
formed.  Now  tlie  pencil  of  white  light 
Aab,  when  transmitted  by  the  lens  £, 


JFI^.  28. 


J  divided  into  its  component  co- 
so  that  b  R  will  be  the  direction 
rinl  rays,  and  b  V  the  path  of  the 
and  the  antjle  V  6  R  in  crown- 
will  be   jV  of  rt  ft  R.    The  rays 
passins:  through  a  part  of  the  lens 
surfaces  are  less  inclined  to  each 
wili    be  less  refracted   and  less 
sed  in  the  same  proportion  nearly, 
I  will  be  the  path  of  the  red  rays, 
V  of  the  violet ;  therefore,  the  two 
rays  will  be  very  nearly  parallel 


when  the  two  red  rays  are  rendered 
parallel.  Hence  it  must  happen,  as 
coloured  rays  do  not  unite  at  the  bottom 
of  the  eye,  that  the  object  will  appear 
bordered  with  coloured  fringes,  and  a 
black  line  seen  near  the  margin  on  a 
white  ground  will  have  a  ruddy  and 
orange  border  on  the  outside,  and  a 
blue  border  within,  and  this  confusion 
will  increase  nearly  in  the  same  pro- 
portion as  the  visual  angle  bl  c. 


Fig  29. 


.)  Fig.  29,  is  a  section  of  the 
matic  oye-piecc.  Let  A  B  i)e  a 
junded  ])encil  of  white  li^ht  pro- 
ig  from  the  object  ^lass,  B  F  a 
-convex  field  glass,  with  the  plane 
icxt  the  eye-^lass  E.  Now  the 
.ys  of  the  i)encil  A  B  after  refrac- 
•ould  cross  the  axis  in  R,  and  the 

rays  in  V,  but  meeting  the  eyc- 
E,  tiie   rod  rays  will   be  refracte<l 

and  the  violet  to  c  r,  when  they 
ross  one  another,  in  the  axis  at 
)int  r  and  unite  ;  for  the  violet  rjy 

nearer  the  axis  of  the  lens  E, 
iffer  less  refraction  than  the  red, 
•hen  the  eye  is  placed  in  the  axis 
he  object  will  appear  colourless, 
istance  of  the  two  lenses  F  E,  to 
ce  this  correctioD,  when  made  of 


crown  class,  whose  dispersion  is  as  77  to 
78,  when  the  incidence  is  50,  must  be 
etpial  to  half  the  sum  of  their  focal  dis- 
tances nearly ;  or,  more  exactly,  the 
distance  between  the  two  lenses  must 
be  equal  to  half  the  sum  of  the  focal 
distance  of  the  eye-glass,  and  the  dis- 
tance at  which  the  field-glass  would 
form  an  image  of  the  object-glass  ;  lor 
the  point  R  is  the  focus  to  which  a  ray 
conung  from  the  centre  of  the  object- 
glass  is  refracted  by  the  field-glass,  con- 
sequently, this  distance  must  be  variinl 
according  to  the  distance  of  the  objects, 
and  also,  as  the  length  of  the  object- 
glass  ;  for  the  same  combination  will 
not  be  correct  for  a  lonjc  and  a  shoit 
object-glass,  nor  for  celestial  and  ter- 
re^rial  observations  \  tox^  yjYwcv  SX  \\ 
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correct  for  one  case,  and  the  distance 
of  the  image  or  focal  point  is  varied, 
the  divergency  of  the  rays  will  alter, 
and  the  dispersion  will  he  either  too 
much  or  too  little  corrected.  The  pro- 
portion of  the  foci  of  these  two  lenses 
should  be  as  2  to  3,  to  produce  the 
largest  field  and  the  least  distortion. 

(45.)  The  eye -pieces  employed  to 
produce  an  erect  image  for  terrestrial 
telescopes  admit  of  numerous  an*ange- 
ments :  the  simplest  was  shown  in/ig.\6, 
composed  of  three  similar  lenses  pliiccd 
at  eqiial  distances ;  but  as  there  is  no 
field-lens  in  this  construction,  the  view 


is  limited,  though  the  chromi 
persion  is  in  part  corrected 
middle  lens,  and  may  be  to' 
stroyed  by  using  an  eye-glass  o 
foesd  length  than  the  other  tw( 
a  less  distance  from  the  midd 
Another  combination  may  be  \ 
by  two  glasses  so  placed  that 
wliich  receives  the  inverted 
formed  by  the  object-glass  sh 
an  image  on  the  other  side, 
with  respect  to  the  first,  but  ei 
the  object,  and  this  imac^e  may  b 
with  an  eye-glass.  This  con! 
is  shown  in  fig,  30.     Let  t  be 


Fig,  30. 


verled  image  formed  bv  the  object-glass, 
0  a  a  pencil  of  light  from  the  centre  of 
the  object-glass  falling  on  the  lens  A  ; 
this  pencil  will  be  dispersed  after  re- 
fraction, and  a  r  will  be  the  path  of  the 
red  rays,  and  a  r  of  the  violet ;  at  the 
focal  point  e  an  erect  image  will  be 
formed,  and  may  be  viewed  by  the  lens 
E.  Now  the  red  rays  at  r  falling  on 
this  lens  will  be  less  refracted  than  Die 
violet  at  r,  and  will  cross  the  axis  in  R, 
while  the  violet  v  crosses  the  axis 
at  V ;  hence  the  dispersion  will  be 
greatly  increased  both  by  reason  of  the 
spherical  aberration,  and  their  greater 
refrangibility,  so  that  objects  seen 
through  this    eye-piece  will  be  more 


fringed  with  colours  than  in  ai 
construction. 

(4.).)  The  last  construction 
be  imi)roved  by  using  two  len 
posed  in  a  similar  manner  to  XY 
tive  eve-piece  (44,)  instead  of  f 
E.  "These  would  enlarge  tlie  fi 
ecncct  the  dispersion ;  but  as  th 
rical  aberration  is  vcr}'  gjeat,  twi 
sliould  ])e  used  in  place  of  tl 
A,  in  order  to  make  the  coml 
comi)lete  ;  thus  a  four-glass  ej 
would  be  formed  th.at  is  i)erfic 
rectc'l,  if  duly  proportioned  di 
and  foci  are  used.  This  is  accon 
in  the  following  combination  (j 
where  the  lenses  are  in  the  ordci 


Fig.  31. 


letters  A  B  C  D  beginning  with  the 
lens  next  the  olyect-glass,  and  the  dis- 
tances, &c.  of  each  lens  are  as  follows  : 
focal  length  of  A=U^  B  =  U*,  C  =  2 
and  D  =  li,  and  their  distances  A  B  =  2.i, 
B  C  =  3a,  C  D  =  2a.  This  eye-piece  will 
be  nearly  free  from  chromatic  dispersion 
and  aberration.  In  a  very  j^ood  e\  e- 
piece  of  Ramsden's,  the  focal  lengths 
were  found  to  be  ofA=.0775,B=  1.025, 
C=].01,  D=.79 ;   the  distances  A  B  = 


1.18,  BG=  1.83,  C  D  =  1,105. 
should  be  placed  between  the 
A  and  B,  and  a  larger  one  bet\ 
and  D  ;  these  stops  are  to  previ 
false  light  from  passing  throu 
lenses  to  the  eye.  The  more  blac 
tlu-re  are  introduced  into  a  tel 
provided  they  do  not  liinder  the 
of  light  proceeding  from  the  oby 
better  will  the  insti  ument  perfon 
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The  brightness  of  any  object 
rough  a  telescope,  in  comparison 
s  brij^htness  when  seen  by  the 
eye,  may,  in  all  cases  be  easily 
)y  the  following  formula.  Let  n 
nt  the  natural  distance  of  a  visi- 
ict  at  which  it  can  be  distinctly 
id  let  d  represent  its  distance 
le  object-glass  of  the  instrument. 
)e  the  magnifying  power  of  the 
lent,  that  is,  let  the  visual  angle 
led  at  the  eye  by  the  object  when 
distance  w,  and  viewed  without 
rument,  be  to  the  visual  angle 
;d  by  the  instrument,  as  1  \o  m. 
be  the  diameter  of  the  object- 
nd  p  be  that  of  the  pupil.  I^t 
rument  be  so  constructed  that 
s  of  the  pencils  are  intercepted 
it  of  sufficient  apertures  of  tiie 
diate  glasses.  Lastly,  let  the 
st  in  reflection  or  refraction  be 
id. 

3rightness  of  vision  through  the 
lent   will   be   expressed   by  the 

.  ( \    the  brightness  of  na- 

\mp  (if 

sion  i)eing  1.    But  although  this 

I  may  exceed  unity,  the   vision 

i   the    instniment    will    not  be 

r  than  natural  vision.    For  when 

he  case,  the  pupil  does   not  re- 

l  the  light  transmitted  tlirough 

rument. 

icroscopes,  n  is  the  nearest  limits 

let  vision  nearly  eight  inches  ; 

lifference  in  this  circumstance, 

from   a  difference  in  the  eye, 

no  change  in  the  formula,   be- 

1  changes  in  ilie  same  proportion 

jlescopes  n  and  d  may  be  ac- 
i   equal,   and    tlie  formula  be- 

brX. — Standi  for  Telescopes — 
od  of  milking  Grinding  a/i/l  Po- 
ig  Specula  and  Lenses — Method 
tiering  and  adjusting  Lenses. 

To  describe  the  numerous  va- 
of  stands  or  supports  for  tele- 
would  be  both  prolix  and  tri- 
i  different  artists  generally  adopt 
ontrivances  as  they  think  most 
3  please  the  fancy  of  the  pur- 
;  but  the  chief  consideration  in 
lific  point  of  view  is,  to  obtain 
ly   and  immoveable  stand  free 

•  Barlowe. 


from  vibration.  To  effect  this,  the 
instrument  should  be  supported  at 
both  ends,  to  give  steadiness,  and  to 
prevent  its  being  affected  b^  the  wind ; 
for  every  vibration  will  be  increased  in 
the  same  ratio  as  the  amplification  of 
the  instniment,  and  produce  a  tremu- 
lous or  dancing  motion  in  the  objects. 
Thus  a  superior  telescope  badly  sup- 
ported may  be  rendered  inferior  to  a 
common  one  fixed  on  an  immoveable 
stand.  The  materials  of  which  stands 
are  composed  should  be  capable  of 
transmitting  as  little  vi])ration  as  pos- 
sible ;  thus,  the  vibration  of  a  frame  of 
cast  iron  in  one  piece,  although  per- 
fectly steady,  would  be  sufficient  to  de- 
stroy distinct  vision.  Wooden  stands 
are  preferable,  provided  firm  diagonal 
braces  are  used,  so  as  to  form  immove- 
able triancfular  frames.  Where  iron  is 
required  for  durability,  plates  of  lead 
should  be  screwed  between  each  piece  to 
stop  the  vibrations.  In  reflecting  tele- 
scopes thi*  difficulty  of  preventing  vibra- 
tions greatly  impairs  their  value ;  for  the 
metals,  particularly  the  smiUl  one,  are 
easily  set  in  vibration,  and  unless  the  arm 
of  the  small  metal  is  damped,  the  vision 
is  fre(juently  indistinct.  When  a  Grego- 
rian telescope  has  been  taken  from  its 
stand,  and  placed  on  a  lump  of  soft 
clay,  me  distinctness  has  been  such  as 
to  enable  a  person  to  read  a  bill  placed 
at  900  feet ;  while  on  the  stand  it  could 
be  read  only  at  the  distance  of  650  feet, 
although  no  apparent  tremor  could  be 
discerned  when  on  the  stand. 

(49.)  Specula. — A  good  composi- 
tion for  the  specula  of  reflectors  is  one 
of  tlie  most  important  desiderata  in  the 
making  of  telescopes.  The  qualities  most 
in  request  are,  a  sound  uniform  metal, 
free  from  all  microscopic  pores ;  •  not 
liable  to  tarnish  by  absorption  of  mois- 
ture from  the  atmosphere  ;  not  so  hard 
as  to  be  incapable  of  taking  a  good  figure 
and  exquisite  polish,  or  so  soft  as  to 
be  easily  scratched  ;  and  possessing  a 
high  reflective  power.  The  various  com- 
positions employed  for  specula  differ 
more  in  the  admixture  of  minor  inp-e- 
dients  than  in  their  essential  matenals. 
Copper  and  tin  (bronze  metal)  are  the 
metals  mostly  employed,  with  small 
quantities  of  arsenic,  silver,  and  brass. 
The  proportions  generally  emplojjed  are, 
copi>er  32  parts,  grain  tin  13,  with  the 
addition  of  two  parts  of  arsenic  to  ren- 
der it  more  white  and  compact.  The 
llev.  Mr.  Edwards,  m  ;v\x^«a:\s^  wv\«*sdk 
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to  the  Nautical  Almanac  for  1 787*,  says  is  used  in  the  same  way,  till  the  surftLce 
tliat  if  1  of  brass,  and  I  of 'siher,  be  of  the  siKcuhim  has  become  uniform, 
used  with  only  one  of  nrscnic,  a  most  The  next  step  will  be  to  smooth  it  by 
excellent  metal  u  ill  bo  obtained,  which  is  means  of  fine  washed  flour  emer^',  gra- 
whiter.  harder,  and  mort;  reflective  than  dually  passinj^  from  one  degree  to  the 
any  other  he  ever  met  with.     With  re-  next  finer,   and  washing  the  tool  ami 
spect  to  the  practical  value  of  this  com-  siK»culuni  between  each  application  of 
I)osition  we  cannot  speak,  but   havinjj  emery,  t(»  prevent  any  gritty  particles 
made    specida    for    reflectinir    instni-  from*   scratchini^    the    metal.      When 
ments  ourseUes,  we,  can  vouch  for  the  the  speculum  is   completed,    and    of 
jrooiiness  of  the   followinir,  both   with  the    reipiired  fisnm*,   it  is  next  to  !« 
respect  to  the  excpiisite  fii^rne  and  polish  polished.    This  is  done  either  by  taking 
it  is  capable  of  assuminir,  and  its  free-  a  convex  tool  similar  to   the   grinder, 
dom  fiom  ])ores.   To  make  this  compo-  or  the  inindcr  itself,  and   covering  it 
siiion,  take,  two  paiis  of  copper,  as  pure  with  i)ure    pitch    evenly    spread  over 
as  it  is  possible  to  be  procured ;  (for  the  its  surface  :  while  warm,  a  concave  fool 
^oixlness  of  the  s])eeuluiu  will  depend  of  the  same  figure  as  the    speculum  is 
on  the  ])urity  of  the  materials  eniplo\ed)  then    worked    over    its    surface    wet. 
this  must   be  melti'd  in  a  crucil)re  by  When   the   proper  figure   is  obtainecl, 
itself;   then  put   in  another  crucible,  1  washed  putty  (/.  ^.  combined  oxide  of  tin 
part    of  pure   arain  tini-.     When  they  and  lead)  is  poured  <m  the  pitch,  and  the 
arc  both  nu'lted,  mix  and  stir  them  with  speciUum  polished  thereon  by  moving 
a  wooden  spatula,  keepinj^  a  jjjood  flux  it   as  ])efore.     During  the   process  of 
on  the  melted  surface  to  prevent  oxida-  grindinc:  and  polishincr,  the  tools  must 
tion:  this  metal  must  be  quickly  poured  be  carefully  examined  by  the ^u^^,  and 
into  tlie  nu)ulds,  wliich  nuiy  be  made  of  if  they  happen  k^  gel  out  of  the  true 
founders'  loom ;  the  intended  fiK*e  al-  fiifurc,  the  spi^ulum  must  be  worked 
ways  being  downwards.  Where  the  spe-  more  on  the   edge,  or  middle,  as  the 
culum  is  reciuired  piulicularly  good,  the  case  may  n-cjuire.     Instead  of  the  ver- 
l)est  motle  of  casting  is  to  have  an  iron  tical  po*/   al>ove  mentioned,  a  /ap  i« 
mould   made    with  a  vertical   tube   at-  sometimes  employed,  which  produces  a 
ta*'hed  on  one  side,  and  the  bottom  of  the  much  bet k-r  figure  and  more  oxpedi- 
tu])e  to  end  in  a  bulb  ;  the  melted  metal  tiously.    A  lap  consists  of  a   common 
is  then  to  be  poured  down  the  tube,  and  lathe  communicatinc:  a  slow  and  ri»gu- 
will  fill   the  bull)  and  mould,  leaving  a  lar  motion   to   a  vertical  mandral.'on 
sufiieiency  in  the  tube  to  give  pressure,  which  the  grinding;  or  polishincr  tiwl  is 
riie  bulb  being   lower  than  the  mould  fixed:   in  xWmc^  the  lap,  the  artist  is  en- 
will   retain   any  dense   impurities,   and  ai)led  to  stand  in  the  same   place,  and 
the  tube  the  lighter  ones,  while  the  spe-  has  more  command  over  the  work. 
culum  will  be  unifonn  and  dense.  Lenses  are  irround   precisely  in  the   , 

Having  thus  procured  the  speculum,  same  maimer  as   specula,  but  the  po- 

the  next  thini;  will  be  to  ^rrind  it  to  the  lisbiuir  is  different.     Here  the  concave 

required  figure;  this  Lsetfeeted  on  a  con-  or  convex  polishing  tool    is  made  ef 

vex  brass  or  bard  metal  circular  tool,  brass,   and   when  turned   of  a  proper 

carefully  turned  to 'igai'ire  of  the  re([uired  cur\e.    a   smooth   thick    piece   of  felt 

curve.  This  totil  isfixe<louapost  or  up-  (elotb)  is   stretehed  over  the  tool   and 

right,  and  the  speculum  is  held  in   the  cemented  to  it;  the  outer  surface  is  then 

hand  by  means  of  a  convenient   holder  iuibeddinl  with  waslu'd   putty    pi>wiler. 

cemented  on  its  back.     The  grinding  is  After  this  is  done,  the  lens,  or  bU)ck  of 

then  conuuenced   with    ccarse    emeiy  h'uses,  is  worked  on  it  with  cross  nir- 

powder  and  water,  when  the  roughness  tions:  i f  the  powder  }>eemploved  too  wet 

IS  taken  olf  by   movmg  the  specidum  the  iibres  of  the  cloth  will  rise  up,  and 

across  the  to(»l   in  different  duections  polish  not  only  the  surface,  but  also  the 

walking  round  the  post:    finer  emery  suuill  holl<»ws  left  in  the  grinding.    This 

effect,  fi'oni  the  nature  of  the  \H)lishin4 

surface  beinir  heterogeneous,  generally 

•  TiiiH  trtHtisc  whi.h  u  now  Tprv  scarri',  is  re-  takes  place  to  a  greater  or  less  extent  ; 

pabiuhin,;  in  th...  7V,A«,./..yi. .,/  mj.oiitory.  ^vhcu  vicwcd  by  a  microscope  ;   these  } 

t    It    IS   most   prili.-ilii' that  the  tK'>l  pri);K>rUonH  ...        ,     .          "^  t   ,      ,        ,      ...*    »        ..   »  ^  I 

would  he  as  th.ir  n->p.viiv..  at.mic  wipht,  th;it  is.  cavitics  beuiij  pohshcd  admit  thc  llgM 

thrio<» :«  of  rc.ii.rr.  jimi  orf  i>f  tin,  a.s  thc  metal  would  and  disperse  it,  in.stcad  of  it  bcinsr  col- 

Ue.  b.  mor.  i.iia..t.iy  co«a,i.«d.  y^^^  ^  ^jy^  ^  unifoim  surfkce.  WhoJ 
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these  faults  8re\isible  to  the  eye,  tho  lens       Conduditig  Remarks  on  Teiescoj)es, 
is  called  curdled.    If  we  are  desirous  of 

{)rocurin>f  an  uniform  and  perfect  sur-  (48.j  Tlie  applications  ofthe  telescope  to 
ace,  the  polishing  tool  must  be  homo-  the  puq)oses  of  man  are  so  numerous, 
geneous,  and  the  l>est  material  for  its  that  their  details  would  far  exceed  tho 
formation  is  c^ood  clean  beet  wax,  hard-  boundaries  of  our  treatise.  Amongst 
ened  by  the  addition  of  red  sulphate  Oj  its  principal  uses,  however,  besides 
iron,  dry  and  finely  washed.  Tliis  com-  those  accompanying  the  descriptions  of 
position,  when  of  the  proper  temper,  is  the  various  modifications  of  that  in- 
mi'hed  over  Ihe  brass  tool;  and  when  strument,  may  be  enumerated  the  tol- 
cold  can  be  turned  to  the  required  lowing:— The  accurate  determination  of 
curve.  The  advantaije  of  this  improve-  the  lonij;itiide  of  the  various  ])laccs  on 
ment,  besides  its  uniformity,  is  that  the  eartli's  surface  is  ascertained  by  the 
should  any  hard  scratching  particles  telescope,  by  observing  the  immersions 
insinuate  themselves  between  the  tool  and  emersions  of  the  four  satellites  of 
and  glasses,  they  sink  and  are  imbedded  the  planet  Jupiter ;  from  tlience,  by  the 
in  tlie  wax,  and  thus  their  injurious  aid  ofa  good  chronometer,  with  the  time 
t'fU^ts  are  prevented.  The  polish  of  of  any  known  place,  the  situation  of  the 
lenses  made  in  this  manner  is  clear  and  unknown  spot  is  determined.  Hefore 
defined  when  examined  by  a  micro-  the  invention  of  the  telescope,  naviga- 
scH)iH» ;  when  the  shadow  of  a  bar  is  tors  were  compelled  to  keep  within  sight 
brought  across  them.  This  method  is  of  the  coast  in  sailing  from  one  countiy 
now  employed  by  one  of  the  first  opti-  to  another,  and  thus  were  often  endan- 
cians  in  the  metropolis.*  gered  while  passing  an  hostile  or  rocky 
CentttrinfT  of  Lenses. — The  centering  shore  :  by  the  assistance  of  this  instru- 
of  lenses  for  accurate  instruments  is  of  ment,  the  voyjige  is  niiule  direct  to  the 
great  imiK)rtanci',  more  esjK'cially  for  intended  place  without  fear  or  danger, 
tlie  object -glasses  of  achromatic  tele-  To  the  astronomer  the  telescope  is  his 
scopes.  Diiferent  opticians  employ  their  principal  and  most  impoitant  guide.  It 
own  methods,  but  one  ot  the  best  is  enables  him  to  determine,  with  precision, 
done  by  reflection  :  let  the  lens  to  be  the  transits  of  the  planets  and  stais 
centered  be  cemented  on  to  a  brass  across  the  meridian.  The  computation 
chuck,  having  the  middle  turned  away  of  astronomical  and  nautical  tables,  to 
so  as  not  to  touch  the  lens,  but  near  the  determine  the  revolution  ol  the  planets  on 
edge,  which  will  be  hid  when  mounted ;  their  axes,  and  their  relative  polar,  and 
this  rim  is  verj'  accurately  turned  flat  equatorial  diameters,  is  deriveil  from  ob- 
where  it  is  to  touch  the  glass.  When  the  sensations  by  the  telescope.  We  are  by 
chuck  and  cement  is  warm  it  is  made  to  this  instrument  enableil  to  discover  the 
revolve  rapidly:  while  in  motion  alighted  analogy  between  the  laws  which  govern 
candle  is  brought  before  it  and  its  re-  the  motions  ofthe  planets  and  those  of  our 
fleeted  imaire  attentively  watched.  If  tliis  earth  ;  their  parallax,  and  from  thence 
image  has  any  motion,  the  lens  is  not  their  distances.  The  al»errati<m  of  light 
flat  or  central:  a  piece  of  soft  wood  and  the  motions  of  the  «/JmW  systems 
must  therefore  be  applie<l  to  it  in  the  in  space,  unfold  wonders  which  must 
manner  of  a  turning  tool,  till  such  time  excite  the  imairination  ofthe  most  pro- 
as the  hifht  l)ecomes  stationary.  When  found  philosophers  in  the  highest  pos- 
the  whole  has  cooled,  the  edires  of  the  sible  degree.  Tlie  harmony  and  sim- 
lens  nuist  l>e  turned  l)y  a  diamond,  or  plicity  displayed  in  such  immense 
giound  with  enieiy.  This  method  of  worlds  prose  the  design  and  wisdom  by 
centering:  and  adjusting  ol)ject-ij:hisses  which  they  were  created ;  and  the  won- 
by  their  reflect eil  iniaires,  was  laid  Iwlore  derful  facts  thus  ascertaim»d  raise  the 
the  public  by  Dr.  WolUihton,  and  has  niost  ordinary  mind  up  to  a  sublime 
been  uscil  iJy  our  first  opticians  for  a  contemplaticm  of  the  great  Creator, 
considerable  time.  In   surveying  of  land,  the  telescop'e  is 

highly  useful,  and  for  this  puri)ose  is 

mounted  on  a  stand,  with  an  horizontal 

.  ..T.       .V  1    f        1  111.-,  ^^^  vertical  motion  reiristeriiiir  by  ilivi- 

fruin  ai.iiiM.mU  for  unrn.woiK.-.  by  .Mr.  PriicUiini.  ^}^^^  ttie dc^ccs  and  mmutes  ot  mcliua- 

wiii  u  fouitti  in  rhr  yujirierijrJoumui  ofthe  Rojaj  tion  or  position  of  tlie  instrument.    For 

i>»titatK».  Toi.  II,  |»g«  14.  a«w  Mri«.  tj^  j^^^  occuratc  reading  o/these  divi- 
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sions,  the  two  limbs  are  furnished  with  moon  would  pass  the  telescope  is   6 

a  Vernier's  sralt*.    Spirit  levels  and  a  seconds.     A^ain,  if  we    increase   the 

mairnetic  needle  arc  usually  altached  to  power  1 0  times,  so  that  its  linear  am- 

the  instrument ;  and  from  the  purposes  plification  of  an  object  is  6000  times 

to  which  it  is  applied,  a  telescope  with  only  a  loics  P*'U^.  of  the  moon's  sur- 

this  mounting  is  called  a  Theodolite,  face  could  be  seen  in  the  field  of  view ; 

derived  from  two  Greek  words  ^i««/««i  or  the  planet  Saturn,  whose   apparent 

to  see,  and  cleg  the  way  or  distance, —  diameter  is  10  seconds,  would  just  fill 

that  is,  an  instrument  for  seeing  or  de-  it,  and  the  time  of  their  passing  the  in- 

termininff  distances.    Tlie  method  by  strument  would  be  only  ^^  of  a  second.* 

which  the  distances  and  lieitjhts  of  re-  Having  thus  shown  the  amazing  velo- 

motc  objects  are  ascertained  is  by  niea-  city  with  which  a  planet  passes  the  mouth 

surini^  the  angles  subtended  by  tlie  ob-  of  a  telescope  wit  n  these  high  powers,  we 

ject,  and  computing  trigonometrically  shall  next  proceed  to  point  out  the  aper- 

therefrom.  tures  and  ampliiication  necessary  for  ob- 

Tlie  continental  writers  have  much  serving  some  given  measure  on  the  sur- 

exaggerated  the  powers  and  penetration  face  of  the  moon.   First,  we  must  deter- 

of  the  telescope;    indeed  the  time  is  minethe  angle  every  object  must  subtend 

not  far  distant,  when  it  was  gravely  as-  to  the  eye,  in  order  to  render  it  visible: 

sorted,  that  works  of  art  hiid  been  re-  this  is  found  on  an  average  for  different 

cognised  in  our  satellite  tlie  moon.   The  sij^hts  to  be  one  minute,  that  is,  when 

fallacy  of  this  circumstance  may  be  an  object  is  removed  from  the  eye  about 

easily  shown  to  our  readers  by  the  fol-  3000  times  its  own  diameter  it  will  only 

lowing    simple   considerations.— Let  a  be  just  distinguishable.  From  this  we  can 

person  direct  the  tubes  of  a  telescope  now  determine  the  extent  of  the  smallest 

(without  the  glasses)  to  any  celestial  part  of  the  moon's  surface  discoverable 

object,  and  there  fix  them ;  he  will  soon  by  the  unassisted  eye.    Its  real  diameter 

find  that  in  a  shoil  space  of  time,  the  beinjjsioo  miles,  which  divided  by  the 

object  will  have  removed  from  before  number  of  minutes  which  its  apparent 

the  mouth  of  the  tube.     Now  this  mo-  diameter  subtends,  (viz.  30,)finves  us  70 

tion  of  the  celestial  bodies,  wliich  is  only  miles  as  the  measure  of  the  least  distinct 

ajyparrnt,  aris.'s  from  the  revolution  of  spot  seen  by  the  naked  eye;    therefore, 

our  earth  on  her  axis ;  and  the  quan-  we  know  that,  if  a  telescope  magnifies 

tityofthis  motion  mny  be  determined  70  times,  we  can  just   discern  a  spot 

with  facility,  thus : — the  earth  is  known  one   mile  in  diameter  on   the   moon's 

to  revolve   once  about  her  axis   in  -Jl  surface;  and  to  recognise  any  objivt  10 

hours,  and  as  ever}'  circle  is  sui)i)osed  feet  in  diameter,  we   shall  fiiid  by  thw 

to  be  divided   into  otio  equal  parts  or  rule  tlie  ma^jnifying  power  of  the  tele- 

desn-ees,  the  apparent  time  any  celestial  scope   must   be  37100   times,  and  the 

hotly  takes  to  <lescril)e  one  deijree,  will  diameter  of  an  object-glass  or  metal 

be  tomul  by  dividing  the  24   hours  by  for  such  an  instrument   may  be  found 

3J)0,  which  ioves  us  4  minutes  as  the  by   the    method    described*    in    (IS): 

time  an  object  would  pass  the  mouth  of  which  if  we  suppose  a  pencil  of  rays 

the  tube  if  it   only   takes  in  one  degree  ^\  of  an  inch   in  diameter  will  admit 

of  the  heavens.  sufficient  liirht  to  the  eye,  the  diameler 

Now,  if  we  suppose  the  glasses  to  be  of  the   speculum  must'lw  G'2  feet,  and 

l)laceil  ill  the  tubes,  the  mairTifyinjr  power  its  local  distance  30'J  feet,  when  an  e>'e- 

of  the  instrument   beiiig   Go,    and    we  plass  of  T^jth  of  an  inch  is  employed. 

direct  it  (as  before)  to  an  object,  as  the  Tliese   calculations   must  convince' ihr 

moon,  whose  diameter  is  about  half  a  reader   of  our  inability  to   make  such 

deinvf,  the  time  of  lur  passing  or  tran-  obsen-ations  ;  for  if  the  impossibility  of 

s.t  will  be  one  minute,  if  the   field  of  procuriuir  such  enormous  instnunents 

view  be,  as  in  the  ordinary  telescoi)es,  were  overcome,  they  would  be  so  un- 

about  30 ,  which   the  moon  would  ex-  wiekly  as  enlii-ely  to  prevent  our  using 

actly  occui)y.     If  the  power  of  the  tele-  them. 

scope   be  i'nereased  10  times,  the  eye- - 

piece  having  the   same  anirle  of  vision,  '  '^  '=*  i"'v.'>ary  for  m*  to  *taK  that  for  tl>*  i*- 

0"ly  fo..  part  of  the  moon  would  be  seen  5"'7"*''""  "f  ^'V-^"  '•»«»^.  a"'^  n..buijp  wuh  nA^unf 

at  o„ce.  10(.  beinu'  the  scjuure  of  10,  the  '^^Z!:^^:.^^^;^::^'^^^^^::  \ 

illcreasi.'(l  IJOWt-l-  llftla'  instrulUfnt ;    and  !'''  ''">'"■''•''■■  »".''  «  n-U'ilar  motion  irrommiinininJ 

the  lime  in  whicli  this  portion  of  the  :;iVi:ckr\;,hcV«.5!r«.2f/'' '^"'"'''^■^ 
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I  XI. — Mieroicoipes,~~Hifitory 
\»}ry  of  Single. — Magnifyififr 
f  of. — Illumination.  —Forms  of 
for  Microscopes, — Globules. — 
e  and  Lens  compared. — Mr. 
trds  Diamond  and  Sapphire 
ytpes. — Table  of  their  Mu^- 
'  Poicers. 

s  liistory  of  the  microscope, 
3f  many  other  valuable  inven- 
3  been  veiled  in  considerable 
by  the  lapse  of  time  :  and  the 
,  amongst  the  moderns,  of  so 
class  of  optical   instruments, 
:;laimed  bv  several  individuals, 
ems  certain  that  the  ancients 
uainted  with  the  microscope, 
I  one  of  its  forms,  as  appears 
bllowim^  passage  in  Seneca : — 
though  minute  and  obscure, 
irj^er    and  clearer  through  a 
)ble  filled  with  water."    Al- 
e  have  no  account  that  they 
d    the    laws    by    which    the 
g  power  of  the  spherule  was 
et  tiieir  ac(iuaintance  with  its 
n  appears  certain, 
vention  of  the   microscope  is 
by    the    celebrated    Dutch 
ician,  Huygens,  to  a  country- 
9,  named  Drebell,  (for  it  must 
id  that  it  was  entirely  lost  in 
!  ages.)  He  constructed  them 
yrear  1  i21 ,  or 3 1  years  after  the 
of  the  telescoi>e.     Accord- 
elli,  the  microscope  was  in- 
Jansen,  the  reputed  contriver 
escope,  who  presented  some 
:s  of  his  first  construction  to 
urice,  and  Albert  Archduke  of 
'hese  instruments  were  six  teet 
md  consisted  of  a  tube  of  gilt 
e  inch  in  (Uameter,  su^^portcd 
*ass  pillars   in   the  shape  of 
m  a  base  of  ebony  which  was 
hold  the  objects  to  be  ex- 
Jf  the  internal  construction 
n-oscope  we  have  no  precise 
though   tiiere  is  reason  to 
it  was  nothing  more  tiian  a 
converted  into  a  compound 
I,*     Viviani.  an  Itahan  ma- 
rl, also  expressly  informs  us 
of  Galileo,  that  this  great  man 
tlie  construction  of  the  mi- 
rom  that  of  the  teleseope; 
!  year  1612  he  actually  sent 
ope  to   Sigismund,  Kin^  of 
he  honour  of  making  a  micro- 

buryh  Encyclopedia,  art.  M%cro9ev9** 
argr«l  hUtorjr  of  this  iiutniaieaL 


scope  of  two  double  convex  lenses,  like 
those  at  present  in  use  (without  their 
field-glass,)  seems  to  belong  to  F.  Fon- 
tana,  a  Neapolitan,  who,  in  a  work  pub- 
lished in  1G46,  claims  it  as  his  own,  and 
dates  the  invention  from  the  year  1618. 

The  numerous  forms  of  microscopes 
which  have  at  difFci-ent  intervals  been 
constructed,  may  be  included  in  three 
distinct  classes,  however  varying  as  to 
their  external  appearances;  — these  are. 
Single,  Compound  Refracting,  and 
Compound  Reflecting  Microscopes. 

(50.)  Theory  of  the  single  Micro - 
sc(tpe. — It  must  have  been  observed  by 
most  persons,  that  when  the  distance  of 
an  object  from  a  spectator  is  decreased, 
we  are  enabled  to  define  its  parts  more 
readily,  and  that  it  appears  larger ;  thus 
if  we  look  at  two  men,  the  one  200  feet, 
and  the  other  only  1 00  feet  from  us,  the 
former  will  appear  only  half  the  height 
of  the  latter ;  or  the  angle  whicli  the 
latter  subtends  to  the  eye  of  an  observer 
will  be  twice  that  of  the  former.  Henbe 
we  must  conclude,  that  the  nearer  we 
can  bring  an  object  to  the  eye  the  largei* 
it  will  appear.-  Now,  if  we  have  to 
examine  a  very  minute  object,  and  in 
order  to  render  its  parts  distinguishable 
if  we  bring  it  very  near  to  the  eye,  (sup- 
pose one  or  two  inches, )  it  will  beeorae 
very  indistinct  and  confused.  This 
effect  is  produced  by  the  great  diver- 
^ncy  of  the  rays  of  lirht  from  the  ob- 
ject, and  the  power  of  the  crystalline  lens 
of  the  eye  not  being  sufficient  to  col- 
lect the  rays,  whereby  an  image  of  the 
object  may  be  formed  on  the  retina,  at 
th'i  proper  distance  on  the  back  of  the 
eye.  Now  if  we  employ  a  single  micro- 
scope, which  consists  of  a  convex  lens 
usually  made  of  glass,  (though  it  would 
have  the  power  of  magnifying  or  in- 
creasing the  angle,  if  m^e  of  any  other 
transparent  substance,  but  in  a  different 
degrte,)  and  mounted  in  a  brass  setting.  . 
and  place  it  l)etween  the  object  and  tiie 
eye,  the  former  l)eing  in  the  foeus  of  the 
glass,  the  diverging  rays  from  the  object 
will  be  refract^  and  rendered  parallel 
by  the  lens :  and  thus  we  shall  ootain  a 
distinct  and  near  view  of  the  object 

To  exemplify  this  fact  more  simply,  let 
A  (/ig.  32)  be  a  small  object  whidi  we 
desire  to  examine.  Now,  bundles  of 
rays  will  diverge  from  every  part  of  this 
object  in  all  directions,  as  shown  by  the 
lines  A  r,  A  r.  And  if  there  be  placed 
before  this  object  a  convex  lensB,  wliote 
focal  distance  is  B  A,  those  rays  diverg- 
ing from  the  ol^ecl  yjVvvcYi  \«3\  wv  "S* 
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■urfKce  or  Ihe  Ifns  will  be  refracted  at 
itN  two  surftites,  and  enierR;e  from  it 
nearly  parallel  (o  i-ach  other;  con- 
sequently the  olijitl  is  rapAl>le  of  being 
received  liy  llie  e>e  on  the  aiiie  B,  under 
a  grenter  angk  than  it  could  b«  seeo 
wiuioiit  the  lens. 

(SI.)  Havinifshown  that  the  mapii- 
tude  is  dependent  on  the  distance  of  the 
object,  we  niiist  now  inveatiffate  the  in- 
crease d)tained  by  the  employment  of 
lemex  ;  Ibis  wu  shall  find  to  depend 
on  the  difference  of  the  distance  of  the 
object  from  a  Icn^i,  and  Ihe  ditlanee  when 
Men  without  its  assistance.  "ITiis  lat- 
ter distance,  however,  (that  is,  the  near- 
est distance  at  which  we  can  distinctly 
dificem  a  minute  object,)  is  variable  in 
different  persons,  and  indeed  in  the  same 
individual  at  different  periods  of  life ; 
therefore  it  becomes  nece^sa^  to  assume 
some  measure  as  a  Htandard,  before  we 
can  express  the  amplifying  power  of  a 
lens  so  as  mutually  la  comprehend  Ihe 
same  idea  of  (be  n«l  magnitude  of  an 
objet^l.  In  old  optical  works  the  dis- 
tance at  which  the  authors  usually 
reckon  the  place  of  distinct  vision  is 
right  inches,  but  in  latter  works  a 
shorter  distance  has  sometimes  been  as- 
sumed. Tliese  distances  are,  however, 
variable,  and  are  often  determined  by 
tlte  writer  to  suit  his  own  vision. 

Dr.  Bn-wster,  in  his  optical  works, 
has  tahcp  jftv  inches  as  Ihe  distance  for 
minute  olgi-cts ;  "  for,"  says  Iw,  ■•  if  me 
examine  a  small  coin  or  insi-ct,  we 
nalurully  bold  it  nearer  than  an  ordinary 
oWcct,  in  order  to  inspect  it  mori-  eare- 
ftiny."  Aitain.  we  find  that  I'rofi'ssor 
Amici,  of  Modena,  in  determining  the 
ampiifyiuir  powers  of  his  instniments, 
has  adiiplMl  a  slan<laT(l  of  Im  inches  as 
Ihe  focus  of  the  eye  under  ordinnty  cir- 
cumstances. This  latter  nunil)er  has 
also  l)eon  employed  by  some  aulhors, 
imneipidly  for  the  reason,  that  ln'ing  a 
dci-imal  number  it  offers  greater  lati- 
litii's  as  a  multiplier  or  divisor  in  optical 
iincsliBTitions.  We  shall  therefore  as- 
sume Ibis  as  our  standard  in  subsequent 
calculations.  Those  who  may  think  pro- 


per to  adopt  a  shorter  itaRdud,  as  thai 
of  Dr.  Brewster,  will  Bim[dy  have  to 
divide  the  magni^ing  powen  hereftfler 
given  by  lim,  which  will  give  the  re- 
quire power  according  to  that  standatd. 

With  this  dreimal  ilandard  we  can 
now  determine  the  magnifying  power  ot 
lenses  of  any  focal  tei^h,  or  fonued  ol 
any  substance  <in«fia.)  Thus,  if  we  are 
in  possession  of  a  lens  which  reqiurei, 
for  distinct  vision,  the  abject  to  be  one 
inch  from  itseentre  (in  a  double  convex,} 
we  must  divide  the  standard  ttn  by  on^ 
which  will  give  ten,  therefore  such  alens 
will  increase  the  diameter  of  an  objed 
seen  throiwh  it  ten  times:  again,  if'^we 
have  another  lens  which  nquiici  the 
object  to  be  the  tuient]/-/f/th  of  an  inch 
distance  from  it,  the  power  will  be  ISO, 
which  is  found  by  simplj  adding  a 
cipher  (0)  to  the  denominator  of  the 
fraclion  which  expreues  its  distaiKe 
(vii.  ,'ij,  and  removing  tha  numaator. 

Now,  in  Ihe  first  ease,  when  wi  tm.- 
ployed  an  inch  lens,  we  called  its  mag- 
nifying power  ten,  fj-om  lh«  mimbs  of 
diameters  or  increase  of  kngtb  and 
breadth  of  an  object  by  the  use  of  that 
lens.  This,  which  is  itaiuttal  denonina- 
lion,  is  very  defective;  form  shall  Bnd. 
that  if  we  draw  the  real  ol^eot  and  its 
msji^itied  view,  the  latter  will  occupy 
1 00  times  the  surface  of  the  fonno',  so 
that  Ihe  most  proper  expression  of  tbe 
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of  a  square  olriect,  and  A  its  magniGril 
view.  Now,  the  doited  lines  wffl  shg- 
Ihat  it  is  ten  times  longer  and  bniadrf 
thiiii  the  object  a,  but  it  will  be  founJ  1" 
cont^n  100  such  dotted  squans  lU 
equal  in  size  to  the  original  squait  i 
hence  the  proper  magniftini;  power 
1 00,  or  tbe  length  sauared. 

The  following  lable  will  exhibit  tht 
maitnifjing  j.uwers  of  lenses  from  twi 
inches  focus  to  the  ,vth  of  ao  inch. 
cording  to  the  decimal  standard  ■ 
column  marked  superfidal  ia  the  tnt 
increaae  ui  sise  of  an  object  t^ 
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of  the  focal  length  ihown  in  the  fint 
culunin,  fbmNd  from  uiy  truigparent 

substance. 


I  90  6400 
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(b'i. )  In  a  single  microscope  the  cir- 
cumstance requiring  the  greatest  con- 
■idention,  is  the  formation  of  the  leni. 
The  grinding  of  microscopic  lenses  is 
effected  in  a.  similar  manner  to  that  de- 
scribed in  page  30,  except  that  a  quicker 
revolving  motion  of  the  grinding  tool  is 
necessary,  and  in  the  polishing  great 
care  is  required  to  keep  them  of  their 
proper  flgure  (spherical.)  When  com- 
pleted, they  should  be  as  U)in  as  they  con 
possibly  be  procured  with  a  sufficient 
aperture,  the  reason  for  fthich  will  be 
hereafler  explained.  In  the  mounting  or 
fitting  up  of  the  lenses,  the  intention 
of  the  instrument,  whether  it  is  to  be 
used  as  a  hand,  a  pocket,  or  a  taide 
microteope,  must  be  considered.  From 
the  arrangement  of  the  mountings  to 
suit  the  nature  of  the  object)  to  be 
examined,  microscopes  oiten  derive 
their  name,  though  the  principle  in 
all  of  them  is  similar,  as  Bolanieai, 
Mineralogii:at,  Anatomical,  Natural 
Hittory,  Aquatic,  Tran^rent,  or 
Opaque  Microscope*,  all  of  which  are 
either  tingle  or  eompound.  The  focal 
distances  of  the  lenses  mounted  in  the 
single  microscopes  are  usually  \\  inch, 
1  inch,  t,  i.  ,'i,th,  and  ^th  of  an  inch, 
tbuugh  Uie  two  last  lenses  seldom  ac- 
company thepucAef  botaaical.  One  of 
Uiese  microscopes  is  shown  in  ^.34, 
which  is  capable  of  having  either  lens 
adapted  to  it, and  from  its  extremesira- 
pUuitv  is  Dot  liable  to  get  deranged : 
«  is  me  brass  stem,  having  an  intoiud 
gcrew  cut  in  it  to  receive  the  cell  b 
containing  the  lens  e;  at  d  there  is 
HllHched  an  arm  e:  this  arm  being 
jointed  at  d  is  capable  of  tying  flat 
when  out  of  use,  or  can  \x  altered  to 
suit  any  other  convenient  position  for 
holding  the  oliject,  as  shown  by  the 
(jutted  lines;  on  the  round  arm  e  is  a 
s'iding  tube  /,  fixed  to  another  q>rung 
iiitie  at  right  angles;  tliis  latter  tube 
c-urries  the  forceps  A  moveable  in  evny 
direction  with  respect  to  the  lens  r, 


either  as  to  distance  or  position;  the 
handle  i  is  screwed  to  the  stem  a  when 
in  use.  If  a  lensof  a  different  power  is 
required  to  be  employed,  the  cell  b  may 
be  removed,  and  another  with  a  deeper 
or  shallower  lens  screwed  into  its  place. 
If  low  power  is  wanted,  as  for  the  in- 
spection of  flow«i,  the  cell  with  the 
lenses(Bhowniny^. 33)  should  be  used. 
Pig.  3i. 


t 


the  ibcui  of  the  nearest  being  2  and  the 
other  3,  with  a  distance  l»etween  them 
equal  to  1  ofsuchparls;  or  their  sidereal 
focal  distances  u«  wk'^aU.'^  iibowV  \  wv^ 
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and  1 1  inch.  The  aUvantaRe  of  thi» 
combinalion  is,  an  incri'ase  of  fieId(or 
fiiunber  of  objects  seen  at  once,)  and 
the  diminution  of  aberration,  as  ex- 
iriained  atpa^  13,  (22.) 

(53.)  When  microscopes  are  required 
for  Ktneral  purposes  they  are  mounted 
en  a  Ktand,  and  usually  called  table 
microscopes.  These,  as  we  befor*  re- 
marked, are  various,  and  accompanied 
with  different  implements  for  the  pur- 
poses of  disieclinK  and  holding  the 
various  objects  to  be  examined.  The 
nroveable  parts  of  these,  and  of  all  mi- 
croscopes, should  tie  free  from  shake ; 
while  all  their  adjustments  should  be 
easy,  and  without  joilg  or  tlartt  nhen 
moving.  The  lenses  should  be  so 
mounted  as  to  be  easily  approached  by 
the  objects;  and  at  tlie  same  time  not 
too  remote  from  the  eye,  as  the  field  of 
view  will  always  be  increased  with  the 
nearness  of  tlie  lens  to  the  eye.  Lastly, 
all  shining  or  bright  surfaces  should  be 
blackened  on  the  anterior  side  of  the 
lens,  so  that  no  glare  or  false  light  can 
be  reflected  towards  the  observer.  For 
adjusting  the  ol:ject  to  the  focus  of  the 
lens,  a  rack  and  pinion,  or  screw  adjust- 
ment, is  generally  employed.  These 
Hhouldbe  very  fine,  and  sensible  of  the 
smallest  motion. 

(5-1.)  With  these  prcliminaiyremarits, 
we  shall  now  desciibe  a  single  micro- 
scope, suitable  for  tlie  examination  ot 
any  kind  of  object,  in  which  the  adjust- 
ing motions  are  of  a  novel  and  simple 
construction,  as  neither  screw  nor  rack- 
work  are  employed.  Tliis  instrument 
has  recently  been  designed  and  executed 
by  Mr.  Holtzaffel,  iun.,  oh  the  basis  of 
the  microscope  of  Mr.  Pritchard,  who 
constructed  trie  optical  part.  It  consists 
of  a  circular  brass  stem  a,  (Jig.  36.) 
capable  of  being  fixed  in  every  possible 
inclination,   by  Ihe   ball  c  attached  to 

the  clamp  6,  by  which  tlie  vrhole  may  jct-.  ^j 

be  firmly  fixed  to  a  table  or  boai-d  ;  the  ' 

circular  mirror  d,  working  in  the  arm  various  subjects  under  examination.  The 
m,  is  attached  to  the  tube  Jt  in  the  back  ofthis  reflector  is  flat  and  polished, 
usual  way.  But  it  would  be  more  con-  so  that  a  monochromatic  hght  le- 
vcnient  if  applied  in  the  manner  shown  fleeted  from  the  brass  may  be  employed 
below    at  Jij;.  37.  where  )  is  the  mir-     when  necessary. 

ror.  ^  the  arm,  and  5  the  tube:  by  this  The  lenses  are  mounted  in  cells  as 
means  the  mirror  is  moveable  in  any  po-  shown  at /,  and  are  screwed  into  the 
sition,  to  throw  the  reflected  light  on  the  dovetail  bar  h,  sUding  between  three 
slider  or  object  e.  (Jig.  .16,)  by  the  screw-  stout  pins  t,  1. 1  ,■  (he  nearest  one  having 
heads  fixed  into  the  mirror  case,  which  is  a  strong  spring  on  the  under  side,  which 
looseinthearms.  Thewholeslidesupon  keeps  the  bar  in  close  contact  with  the 
the  s<em.  that  it  may  be  placed  nearer  to,  other  two.  without  any  shake.  The  bar 
or  farther  from  the  object,  according  to  is  moved  across  the  object  by  either  d 
llw  iVifcnifi'yof  the  lit-lit  rei^uired  for  the    tlie  milled  nuts  »,  n,  which,  instead  of 
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havinjs;  a  pinion  as  usual,  have  a  spring  may  likewise  be  produced  by  a  circular 
wound  round  their  axis  attached  at  disc  of  plaster  oi  Paris  used  to  reflect 
each  end  to  the  bar  A,  with  an  adjusting  the  light  instead  of  the  mirror;  this 
screw  to  regulate*  the  tension  at  the  contrivance,  which  was  suggested  by 
endj:  the  bar  may  also  be  turned  round  Dr.  Gorincf,  forms  an  excellent  reflector 
on  the  central  pin,  fitted  in  the  top  of  for  many  interesting  objects, 
the  stem  a,  ana  thus  a  traversing  mo-  (56.)  Having  described  themechani- 
tion  in  eveiy  direction  may  be  given  cal  arr<angements  belonging  to  a  micro* 
to  the  bar  and  lens,  without  disturb-  scope,  it  remains  for  us  to  treat  of  the 
ing  the  object,  or  altering  in  the  least  magnifiers  and  the  apertures  necessaiy 
the  distance  between  it  and  the  lens.*  to  be  used.  But  before  so  doing,  it 
The  adjustment  of  the  focus  is  first  may  generally  be  remarked  of  all  mi- 
made  by  sliding  the  stage  pieces  o,  croscopes,  that  if  the  magnified  repre- 
p  by  the  hand,  until  the  object  is  seen  sentation  of  any  object  be  not  truly 
nearly  distinct ;  the  thumb  screw  r  being  depicted  on  the  retina  of  the  eye,  with 
then  turned,  fixes  the  lower  piece  p  to  its  various  parts  and  markings,  of  their 
tlie  stem  a ;  then,  by  means  of  the  lar^e  true  form  and  proportion,  their  out- 
iniiled  head  «,  the  final  adjustment  is  line  distinctly  defined,  having  a  suffi- 
madeby  the  intervention  of  a  connecting  cient  degree  of  brightness,  and  of  their 
bar  /,  attached  to  the  stage  piece ;  proper  colour,  the  instrument  cannot 
this  bar  works  on  an  elastic  eccentric  be  depended  upon  to  give  a  correct 
movement  under  the  milled  head  «,  so  idea  oi  the  nature  of  the  objects  to  be 
that  an  adjustment  of  any  small  quan-  examined. 

tity  can  be  obtained  with  extreme  pre-        (57.)  The  common  form  of  the  mag- 

cision  (similar  in  principle  to  the  infinite  nifiers  employed  for  microscopes  are 

lever.)    The  slider  containing  the  ob-  double-convex,  and  from  what  is  stated 

jc^t  is  kept  close  to  the  stage  by  two  in  (ZO.)  page  12,  they  should  be  made 

heliacal  springs  vv,    A  condensing  lens  as  thin  as  possible ;  for  the  trandering 

and  a  pair  of  forceps  are  made  to  fit  in  or  ipreadine  out  of  the  rays  proceeding 

the  piece  o,  and  can  be  employed  either  from  an  object  when  refracted  by  a 

with  or  without  the  stage  plate,  which  lens  with  spherical  surfaces,  whereby  an 

may  be  entirely  removed  by  the  thumb-  indistinctness  is  produced  in  its  image, 

screw  in  front,  when  necessaiy.  will  be  decreased  as  the  square  of  the 

(55.)  The  quantity  of  light  necessaiy  thickness  of  the  lens  employed,  while 
to  be  employed  in  using  a  microscope,  the  loss  of  light  in  passing  through  the 
is  dependent  on  the  nature  of  the  object  substance  of  the  lens  is  incTeased  in 
under  examination,  and  on  the  magni-  the  same  proportion  as  its  thickness, 
fying  power  of  the  lenses  necessaiy  for  But  in  page  12  the  object  was  con- 
its  developement.  sidered  at  an  infinite  distance,  and  the 

The  ligtit,  therefore,  from  the  sun  or  image  was  formed  in  its  focus.    Now 

a  lamp  may  be  condensed  by  a  convex  in  the  microscope  the  olgect  is  placed 

lens  attached  to  the  stage ;  or  a  con-  in  the  focal  point  of  the  lens,  and  the 

densing   lens    may   be  substituted  in  rays  are    rendered  parallel  when  re- 

Slace  of  the  reflector,  and  the  light  fiiicted  by  it ;  hence,  in  order  to  dimi- 
*om  the  lamp  allowed  to  faU  on  it  nish  the  aberrations "  as  much  as  pos- 
direct.  This  light,  in  order  that  it  may  sible  when  we  employ  lenses  of  unequal 
not  produce  tne  injurious  prismatic  curvatures  or  plano-convex,  the  flattest 
colours,  may  be  made  of  one  uniform  side  of  the  lens  must  be  tunned  towards 
colour.  In  the  monochromatic  lamp  the  radiant  (object,)  when  the  ab^ra- 
introduced  bjr  Dr.  Brewster,  spirit  of  tions  wiU  be  as  there  stated ;  or,  accord- 
wine  mixed  with  a  little  water  is  used,  ing  to  the  results  of  Mr.  Herschel's 
This  produces  a  yellow  flame,  which  recent  investigation,  they  are  as  follows* 
he  states  is  less  injurious  to  the  eye  than  callii^  the  aberration  of  a  lens  of  the 
that  of  tlie  ordinary  light.  The  glare  best  torm  and  position,  that  is,  with  the 
of  the  common  light  may  be  removed  convex  side  turned  to  parallel  rays,  and 
by  placing    a  plate  of   j^reyed  glass  the  radii  of  its  surfaces  as  I  to  6,  unity, 

under  the  object,  by  which  means  a        Best  form   . 1.000 

cloudy  light  is  obtamed.     This  effect        Double  convex  or  concave     .     1.567 


«  The  nuts  •  •  might  hare  a  Aort  irmj  htatdU  •  The  word  abemUion  it  derived  from  two  Latia 

fi  xrd  to  their  axit,  to  that  the  tame  hand  might  Inn  wonlt,  a6,  from,  and  trro^  to  ttray  or  wuuUr ;  that 

it  HKht  and  left,  or  baekwarda  aar  forwards,  at  tbt  it,  tlw  waadering  or  strarwl  rayi  of  aa  oV«vm\  \\oak 

sjium  tiair.— &>te  Qkort^]^  Jomnal,  woL  ii.  the  tnm  imagt. 
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PUno-eonvex  or  eoncKve,  with 
the  apherickl  surface  exposed  to 
pusUelrsy*       I-DB1 

Pluio-GonvFx  or  concftve,  the 
flat   aur&ce    being  exposed  to 

pBrallel  rays       4.3 

In  all  these  case*  the  lenies  are  sup- 
posed of  equal  thickness. 

(5B.)  Now  where  the  lens  is  of  short 
focus,  the  proportional  quantity  of  cur- 
vature required  to  be  used  with  the 
necessarj'  aperture  will  he  greater  than 
in  lenses  of  tone;  foci;  besides  which,  as 
the  quantity  of  light  admitted  by  small 
lenses  when  thrown  on  the  retina  is  at- 
tenuated in  proportion  to  its  magnifying 
power,  it  therefore  becomes  important 
to  maite  it  pass  through  ^lass  of  the 
smallest  possible  thickneas,  and  of  the 
utmost  transparency.  To  show  that  this 
Quantity  is  considerable,  we  shall  give 
tne  thicknesses  of  two  lenses  of  equal 
focus,  each  of  which  has  an  aperture 
sufficient  for  the  vision  of  any  claas  of 

Ordinary  manufacture  9     \, 

Executed  in  the  best  manner  41  )'' 
Difibrence  in  thickness  4} 

From  this  statement  it  appears,  that 
if  we  suppose  the  transparency  of  the 
glass  in  both  lenses  to  he  equal,  the 
light  lost  in  passing  through  the  first 
wilt  be  double  (hat  of  the  last.* 

(S'J.)  When  lenses  of  higher  magni- 
lying  powers  than  those  of  the  ,'jtn  of 
an  inch  are  reciuired,  small  glass  sphe- 
rules are  frequently  mounted  for  micro- 
scopic purposes  instead  of  them.  TTiese 
glass  spherules  or  globules  were  first 
subslituled  for  lenses,  by  Dr.Hooke,  who 
de5crit>es  tlie  method  of  making  them  in 
his  Micr^raphia,  published  in  1665. 

(60.)  Tlie  effects  of  employing  glo- 
btdes  practically,  independent  of  tlie 
increase  of  alKrralion  arising  from 
their  thickness,  may  now  be  consi- 
dered. Let  df  lie  the  focal  distance 
of  a  double  convex  lens  ede  of  crown 
glass,  from  its  surface  d  to  an  object 
at/,  tAr.  38,)  which  may  be  supposed 
equal  <lH,t  or  g'gth  of  an  inch  focus,  and 
let  its  thickness  be  equal  to  the  radius 
or  60.    Now,  when  a  globe  of  glass  J  is 


employed,  the  focal  diirtance  will  be  half 
the  radius  meaaured  fhim  the  ■luface 
nearest  the  otject,  that  is  a/,  thetcfore, 
the  radius  of  a  globe  of  equal  magnify- 
ing power  to  the  lens  must  be  |  die/ at 

tance  between  theolject  andthe  nii&ee 
of  the  glol>c  t,  e,b,a,t  will  be  only  16 

earts  (or  ^th  of  an  inch,)  that  m  only 
alf  the  distance  a  lens  of  equal  power 
would  be  removed  from  the  object 
nearly.     Therefore,    in  adjusting  the 

Sherule  to  distinct  viaion,  the  UunU^ 
touching  the  otject  is  doubled,  aiw 
the  danger  of  destroying  it  altogethir 
by  too  near  an  ap|»oach  ia  iocceaMd 
in  the  same  proportion,  Wldle  for 
viewing  animalciua  or  moist  objects, 
which  require  a  thin  plate  of  tale  or 
glass  over  tliem  to  prevent  the  lens  Erom 
l>eing  dewed  by  evaporation,  ud  like- 
wise to  keep  the  surface  flat,  these 
disadvantages  would  in  many  caaes  ren- 
der them  useless.  And  the  abemlioa 
is  increased  in  the  globule,  both  bv  it* 
increase  in  thickness  and  the  diminubed 
radius  of  curvature,  which  alao  in- 
creases the  distortion  of  ita  figure  in 
the  same  proportion,  (ctz.  inveraely  ai 
the  squares  of  their  radii.) 

(Gl.)  The  magnitude  of  the  apnturct 
used  in  small  lenses  is  dependent  oa 
their  aberration,  and  the  nature  of  the 
oliject  under  examination  ;  while  tht 
brightness  of  objects  seen  through  a 
microscope  (in  r^ard  to  illuminatioal 
will  be  directly  as  the  areai  of  their  re- 
spective apertures.  Hence,  by  whaleva 
means  the  ajierture  can  be  inocased 
without  indistinctness,  the  inatnunenl 
will  alwa^  be  improved. 

For  this  purpose  various  contrivances 
have  been  sup^ested  by  many  g^ 
individuals  to  improve  the  single  i 
scope,  by  reducing  the  soherical  ami 
chromatic  dispersions,  and  increasng 
the  field  of  view.    And  here  it  maylie 

•  Sm  NtK  Klimtmb  fj  OrUci,  hv  a  Uutii.- 
Ikogiciai  Ul  ud  M  In  daniBMrMlaaa. 
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remarked,  that  these  hnprovements  be- 
ccme  of  considerable  importance  in  the 
investifl^tion  of  minoie  natural  objects, 
from  the  fact,  that  in  the  vision  of  ob- 
Wcts  through  sinele  microscopes  we 
look  at  the  real  object ;  but  in  ul  com- 
l>ounds,  however  perfect  their  construc- 
tion, we  only  see  &  magnified  repre- 
sentation or  picture  of  the  object,  which 
it  is  evident  m  point  of  accuracy  cannot 
be  relied  upon  with  the  same  confidence 
as  a  magnified  view  of  the  object  iUelf. 

(62.)  Dr.  Brewster,  in  lus  Treatise 
en  New  Philoeophical  Instruments, 
speaking  of  single  microscopes,  sa3rs, 
"We  cannot  expect  any  essential  im- 
provement in  that  instrument,  unless 
m>m  the  discovery  of  some  transparent 
substance,  which,  like  the  diamond, 
combines  a  high  refittctive  power  with 
a  low  power  of  dispersion.*'*  This  sub- 
stance has  subsequently  been  formed 
into  lenses  by  Mr.  A.  Pntchard,  at  the 
suggestion  of  Dn  Goring,  who  caused 
Mr.  P.  to  commence  the  undertaking  in 
July,  1824.  The  first  diamond  lens 
was  completed  at  the  end  of  that  year. 
The  difficulty  of  working  this  sub- 
stance into  a  perfect  figure  was  sub- 
sequently overcome.  Mr.  Pntchard 
finished  the  first  diamond  microscope  in 
1826  ;  the  focal  distance  of  this  mag- 
nifier, which  is  double  convex,  is  about 
y^th  of  an  inch.  Of  the  value  and 
unportance  of  the  introduction  of  this 
brilliant  substance  for  the  formation  of 
single  microscopes.  Dr.  Goring  states, 
"  I  conceive  diamond  lenses  to  consti- 
tute the  ultimatum  of  perfection  in  the 
single  microscope.**t 

Trie  principal  advantages  of  employ- 
ing this  brilliant  substance  in  the  form- 
ation of  microscopes,  arise  firom  the 
naturally  high  refractive  power  it  pos- 
sesses, whereby  we  can  obtain  lenses  of 
any  degree  of  ma^nifyuig  power,  and 
that  with  comparatively  shallow  curves ; 
the  indistinctness  occasioned  by  the 
fifure  of  the  lens  is  thus  greatbr  dimi- 
nshed,  and  the  dispersion  of  colour  in 
flie  substance  being  as  low  as  that  of  wa- 
ter, renders  the  lens  nearly  achromatic. 

The  curvatures  of  this  substance  and 
that  of  ^ass  to  produce  the  same  am- 

Slification  are  shown  in  the  foUowing 
^ures,  where  is  also  represented  a  lens 
of  sapphire  of  the  same  power.  This, 
next  to  the  diamond,  possesset  all 
the  qualities  recjuisiie  for  tne  formation 
of  perfect  magnifiers,  and  presents  lesa 

•  Paff»40S.  181& 
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difficulties  in  their  construction ;  hence 
their  expense  is  considerably  lessened.* 
The  lenses  shown  in  the  figure  are  plano- 
convex, having  their  flat  sides  exposed 
to  the  radiant  (object,)  which  is  the  best 
position  for  divergent  rays :  their  dia- 
meter is  equal  to  their  focal  lengths, 
which  is  absolutely  necessarv  for  most 
transparent  objects  when  tne  lens  is 
less  than  ^th  of  an  inch  focus.  Fif, 
39  is  the  diamond  magnifier,  which  is 
the  thinnest  lens  of  the  three ;  fig. 40, 
the  sapphire;  and  fig,  41,  the  glass 
lens  of  the  same  power,  but  wnose 
thickness  being  greater  than  the  othera 
has  considerably  more  error  by  figure, 
(spherical  aberration.) 


Fig.  39. 


Fig.  40. 


t 
t 
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The  aberration  or  indistinctness  of 
lenses  of  the  same  aperture  and  sub- 
stance are  inversely  as  the  squares  of 
their  radii.  But  when  we  compare  a 
lens  of  diamond  and  glass  of  ecpial 
thickness  their  longitudinal  aberrations 
are  different-t  And  as  the  actual  con- 
fusion is  as  the  areas  of  the  littie  circle 
into  which  every  mathematical  point  on 
the  surface  of  the  object  is  spread  over, 
it  will  be  as  their  squares,  or  as  .912  for 
the  diamond,  and  2.755  for  the  glass ; 
and  by  multiplpn^  these  numbm  b^ 
the  squares  of  then-  radii  inversely,  it 
will  be  found  that  the  indistinctness  of 
a  diamond  lens  of  equivalent  power  is 
about  one  twentieth  of  that  of  a  glass  lens. 

The  magnifying  powers  of  Mr.  Prit- 
chard's  sapphire  microscopes  are  shown 
in  the  foUowing  table,  where  their  focal 

*  The  Mune  artut  has  alao  fonned  leniiri  of  ttie 
other  prcekrai  itoiiM,  Init  without  »nj  pecaliar  ad- 
Taatai^  maaj  of  tham  prodneiaf  two  maa  aiiad 
imagat  br  doobla  raffBotioa,  whea  tliair  ask  li  wmt 
tba  axis  of  donbla  rafraetion.  Tha  diamoBd  kas  a 
rarr  poo^liar  ■traotata  diftrcat  from  tfca  otter  pra- 
doatatoaai,  aoaMof  whidu  wIicb  nada  lalo 
fiva  a  ktad  of  traUa  iauiga. 
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lengths,  with  their  linear  and  i uperficial 
amplification,  are  given  according  to 
the  decimal  standard. 

Table  of  Magnifying  Powers  of  5qp- 
fihtre  I^tes, 


Focal  I^wnflw. 


MagBliyiag  Po' 


Partkofaa    nundrodtlu  Llntar. 

l«Ak. 


SaptrftciaL 


<tf  «M  Inch. 

10    . 

100 

10000 

•  •    • 

150 

22500 

5   . 

200 

40000 

4 

250 

62500 

■  ■   % 

300 

90000 

21  . 

400 

160000 

2   . 

500 

250000 

•  •          • 

600 

360000 

•  •          • 

700 

490000 

H    . 

800 

640000 

1 

1000 

1000000 

I'l 

i'l 

^» 
^ 
in 

(63.)  This  table,  which  contains  the 
foci  of  a  complete  set  of  sapphire  micro- 
scopes, will  also  exhibit  tlie  amplifica- 
tion of  a  single  microscope  made  of 
^lass,  or  any  other  substance,  by  finding 
ifs  focal  length,  and  observing  the  nmn- 
ber  that  stands  against  that  measure. 
In  glass,  the  curvatures  being  required 
so  much  greater  than  for  the  sapphire 
lenses,  to  produce  the  same  magnify- 
ing power,  very  few  have  been  mme  to 
exceed  the  ,*,th  of  an  inch  focus  when 
double  convex,  or  the  ^jth  of  an  inch 
when  plano-convex.  In  mounting  the 
sapphu-e  and  diamond  lenses,  there  are 
advantages  which  glass  lenses  do  not 
possess.  Their  extreme  hardness  enables 
them  to  be  burnished  into  brass  settings, 
which  is  very  difficult  with  those  of  glass. 
This  facility  of  mounting  renders  them 
also  more  extensively  useful  in  experi- 
mental research,  from  their  capability  of 
being  applied  in  every  possible  way,  with 
regard  to  the  object,  the  lights  or  the  eye, 

ChaptkrXII. — Periscopic  Microscopes. 
— Dr.  }Fnllaston's.—Dr.  Breicster's. 
— Mr.  Herschets  for  Mineralogy, — 
Apianatic. 

Amongst  the  various  contrivances  that 
have  been  employed  for  the  improve- 
ment of  the  smgle  microscope,  by  di- 
minishing its  spherical  aberration  and 
increasing  the  field  of  vision,  the  fol- 
lowing deserve  particular  attention : — 

(64.)  Dr.  Wollaston,  when  treating 
of  the  single  microscope,  says,  **  The 
great  desideratum  in  employine:  high 
ma^fiers  is  a  sufficiency  or  light,  and 
it  is  accordingly  expedient  to  make  the 
aperture  as  lai^  as  is  consistent  with 
distinct  vision.    But  if  the  object  to  be 


viewed  is  of  such  nutgnitude  m  to  ^- 
pear  under  an  angle  of  seranl  degrees 
on  each  side  of  the  centre,  the  requisite 
distinctness  cannot  be  given  to  the 
whole  surface  by  a  common  lens  (qf 
glass,)  in  consequence  of  the  confosion 
occasioned  by  the  oblic[ue  ineidence  of 
the  lateral  rays,  excepting  by  means  of  a 
verjT  small  aperture,  and  proportionable 
diminution  of  light."*  To  eflEbct  this 
purpose  with  ^lass  lenses  and  render 
them  periscopic,  he  unites  two  plano- 
convex lenses  toother  by  their  plane 
surfaces,  interposmg  a  circular  plate  of 
brass  between  them,  with  a  circular 
aperture  in  its  centre,  as  shown  in  an 
enlarged  section  i/ig.  42),  where  A  and 

Fig.  42. 


B  are  the  two  lenses  fixed  on  each  side 
of  the  perforated  plate  a,  a.  The  dia- 
meter of  the  aperture  in  this  plate 
which  Dr.  Wollaston  found  to  answer 
best,  was  one-fifth  of  the  focus  of  the 
combined  lenses,  and  the  visible  field  of 
view  was  about  20  degrees  in  diameter. 
(65.)  It  has  l)een  remarked,  tliat  by 
doubling  the  number  of  surfaces  in  this 
combination  a  loss  of  light  is  occasioned. 
To  remed}^  this  inconvenience,  and  at 
the  same  time  extend  the  limits  of  dis- 
tinct visibn.  Dr.  Brewster  has  ingeni- 
ously suggested  the  interposition  be- 
tween the  lenses  of  a  fluid  of  nearly  the 
same  refractive  power  as  the  glass.  This 
fluid  may  either  be  oil  of  turpentine, 
castor  oil,  or  C  anada  balsam ;  or  t  ne  same 
effect  might  be  produced  more  perfectly 
by  grinding  a  groove  in  the  circum- 
ference of  a  sphere  or  thick  double  con- 
vex lens,  as  shov^n  in  section  fig.  43, 

Fig,  43. 


•  Philosopfkical  Trantactiontt  1818,  vol.  cii.  p.  S7i 
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I  Dr.  Brewster  has  also  su^- 
another  improvement  in  this 
lation  when  we  wish  to  diminish 
^rration  of  colour ;  this  is  effected 
ms  of  two  double  convex  lenses, 
:  their  internal  surfaces  of  such 
B  to  form  a  concave  lens  in  the 
re  at  the  centre,  which,  when 
rith  a  fluid  of  a  diflPerent  refrac- 
id  dispersive  power  from  the  g:lass, 
orrect  both  kinds  of  aberrations. 
)mbination  is  shown  in  fig,  44. 

Ft^.44. 


)  A  plano-convex  lens  is  well 
I  to  pos'y'-.ss  only  one-fourth  the 
Icial  magnifying  power  of  a  double 
c  of  like  ciurvature.  But  Dr. 
ter  has  proposed  a  method  of 
ng  the  former  lens  so  as  to  produce 
me  ma^ifying  power  as  the  lat- 
using  it  in  theposition  shown  in 
►,  where  ABC  is  a  hemispheri- 

/%.  45. 


atthesurfe«eAC.  In  this  lens  the  source 
of  error  which  arises  from  bad  cen- 
tering in  a  double  convex  lens  is  entirely 
obviated,  as  th^  surfaces  through  whicn 
the  incident  and  emergent  rays  pass  are 
ground  simultaneously  in  one  tool.  To 
adapt  ^e  periscopic  principle  to  this 
lens,  we  have  only  to  remove  the  polish 
from  an  annular  space  of  the  plane  side 
to  exclude  the  lateral  or  obhquely  in- 
cident rays. 

(68.)  The  reflecting  lens  ABC  Dr. 
Brewster  also  proposed  to  be  employed 
as  a  diagonal  eye-piece;  for  it  may 
be  considered  as  composed  of  a  right- 
angled  prism  (shown  by  the  dotted  lines) 
A  B  and  B  C,  and  instead  of  an  ordinary 
prism  and  two  plano-convex  lenses 
having  five  plane  surfaces  and  two  con- 
vex ones,  the  hemispherical  lens  has 
onl^r  one  plane  side  and  two  convex,  thus 
avoiding  a  great  loss  of  light  by  reflec- 
tion from  such  a  number  of  surfaces. 

(69.)  Mr.  Herschers  periscopic  com- 
bination of  lenses  consists  of  a  double 
convex  lens  of  the  best  form  (that  is 
with  the  radii  as  6  to  1,)  but  in  its  worst 
position.  This  lens  is  to  be  employed 
tor  that  next  the  eye,  as  A,  fig.  46,  and  a 

Fig.  46. 


,'  o 


IS  of  half  an  inch  radius,  of  which 
slination  is  as  shown,  with  a  mi- 
ipic  object  R  before  it,  and  the  eye 
I  above.  Now  the  rays  issuing  from 
►ject  R  will,  after  refraction  at  the 
e  B  C,  fall  upon  the  plane  side 
where  they  will  be  reflected  up  to 
irface  A  B  and  suffer  a  second 
tion.  As  the  incidence  of  the  rays 
A  C  is  about  45°  when  the  lens  is 
pherical,  and  when  the  apertures 
aall,  the  rays  will  always  be  reflect- 
a  greater  angle  than  that  at  which 
•efiection  takes  place,*  so  that  none 
J  rays  will  be  lost  by  transmission 

e  sine  of  the  aaffl*  *^  toul  reflection  being 

[,  ^ ^  it  wiU  be  iV  in  ctowb 

index  of  reftaetioa 
JCdim.  PhU.  Jour.  toLiu.  p.  7ft* 


plano-concave  lens  B,  with  its  concave 
side  next  the  object ;  the  propor- 
tion of  the  foci  of  the  two  lenses  being 
as  5  to  13.  By  this  construction  a  very 
extensive  field  of  view  is  obtained  with 
moderate  distinctness.  In  reading 
glasses  and  magnifiers  of  low  power, 
a  distinct  field  of  40°  on  each  side  the 
centre  may  be  obtained.  In  the  in- 
vestigations of  Entomology  and  Mine- 
ralofcy,  or  in  the  examinations  of  Cryi- 
tale,  this  combination  is  of  great  value, 
from  the  extent  of  objects  seen  at  one 
view ;  and  although  the  spherical  aber- 
ration is  increased,*  yet  by  the  contrary 
prismatic  refractions  of  the  two  glasses 
the  edges  are  nearly  fi«ed  from  colour. 
(70.)  When  the  rigorous  destruction 
of  aberration  for  the  central  rays  is  re- 

•  9930S  tirow  greater  than  that  of  •  single  lent  of 
•qviTElcnt  power  of  the  be»t  Cotii-  e^d v^Vwa.— 
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quired,  Mr.  Herschel  has  proposed  the  proportion  of  1  to  2, 3,  when  the  aberra* 
aplanatic  combinations  shown  in  figs,  tion  will  be  0.2481,  or  about  one  quarter 
47  and  48,  where  the  al)erration  of  rays    of  an  equivalent  lens  of  the  best  form. 

This  combination,  which  is  shown  in 


Figs,  47  and  4S, 


fig.  49,  has  likewise  the  advantage  of 
decreasing  the  distortion  of  the  object, 
and  dimimshes  the  prismatic  dispersion. 

Ftg.  49. 


parallel  to  the  axis  is  entirely  destroyed. 
The  lenses  C  in  each  of  these  cases  are 
double  convex,  with  the  radii  of  their 
8iu*faces  as  I  to  6,  having:  the  most  con- 
vex side  next  the  eye.  The  radii  of  the 
meniscus  leases  D  D  are  in  the  first 
case  as  I  to  1.70,  and  in  the  other  case 
as  1  to  3.957,  with  their  concave  sides 
exposed  to  the  object ;  the  focal  lengths 
of  the  two  lenses  in  fig,  47  are  as  10 
to  17.82,  and  in  fig.  48,  as  10  to  5.497. 
The  compound  focus  of  the  lenses  being 
6.407,  and  in  0^.48)  3.474. 

(71.)  The  superior  effect  of  these  two 
latter  combinations  (which  offer  little 
impediment  in  their  practical  construc- 
tion) has  been  sufficiently  tried  to  war- 
rant their  application,  where  the  rays 
are  required  to  be  as  perfect  as  the  case 
wiD  acimit  As  object-glasses  for  com- 
pound microscopes  when  executed  of 
short  focus,  they  are,  in  many  respects, 
equal  to  an  achromatic  ;  indeed  quite  so 
when  the  latter  has  only  the  same  aper- 
ture as  this  combination.  The  details 
of  their  application  will,  however,  be 
pointed  out  in  treating  on  that  instru- 
ment. 

(72.)  In  the  construction  of  burning 
glasses,  this  combination  appears  from 
an  experiment  maile  with  one  of  3-inch 
diameter,  by  Mr.  Herschel,  to  be  far 
superior  to  a  single  lens,  as  the  tempera- 
ture was  raised  much  greater  than  by 
any,  even  of  the  best  form,  although  it 
is  certain  some  portion  of  heat  must  have 
been  lost  in  passing  through  two  lenses. 
Hence  it  is  evident,  that  by  far  the  greater 
portion  of  heat  is  lost  by  the  aberration 
of  the  lens. 

(73.)  When  we  are  desirous  of  de- 
creasing the  aberration  in  a  lens,  Mr. 
Herschel  has  shown  that  by  employing 
two  plano-convex  lenses  oi  equal  focus 
with  their  convex  sides  in  contact,  the 
aberration  will  be  only  0.603,  while  that 
of  a  lens  of  equivalent  power  is  unity. 

But  in  order  to  diminish  the  aberra- 
tions as  much  as  possible,  without  em- 
ploying a  correcting  lens,  the  foci  of  the 
two  plano-convex  lenses  should  be  in  the 


Chapter  XIII. — Fluid  and  single 
Reflecting  Microscopes, 

(74.)  Fluid  microscopes  have,  in  the 
absence  of  more  permanent  instruments, 
been  resorted  to  with  uneicpected  suc- 
cess. The  first  account  of  these  mi- 
croscopes is  given  in  the  Philosophical 
Transactions^  by  Mr.  Stephen  Grey. 
They  consist  of  a  drop  of  water  placed 
in  a  perforated  plate  of  brass,  the  edges 
of  the  hole  being  made  as  thin  as  pos- 
sible by  forming  a  cavity  on  each  side 
of  the  plate,  so  that  the  fluid  forms  a 
convex  lens. 

Dr.  Brewster  has  proposed  other 
fluids  in  the  place  of  water,  to  render 
fluid  microscopes  more  perfect.  The 
disadvantages  attendant  on  employing 
water,  is  its  low  refractive  power  and 
speedy  evaporation,  by  which  theii*  focal 
length,  and,  consequently,  their  power, 
are  continually  varying.  In  place, 
therefore,  of  this  fluid  he  employs  sul- 
phuric acidt  or  castor  oil,  both  of  which 
possess  a  refractive  power  considerably 
greater  than  water.  And  as  far  as  their 
optical  properties  are  concerned,  oil  of 
ambergriese  or  alcohol  might  be  used, 
but  their  volatility  renders  them  less 
manageable. 

(75.)  Dr.  Brewster  describes  the  fol- 
lowing as  the  best  method  of  construct- 
ing fluid  microscopes : —  Take  Canada 
badsam,  balsam  of  capivi,  or  pure  tur- 
pentine varnish,  and  drop  either  of  them 
on  a  parallel  piece  of  glass,  whfn  a 
plano-convex  lens  will  be  formed,  (see 
fig.  50.)    Their  power  may  be  varied  by 

*  Philotophical  Transactions^  No.  2S1  and  223,  or 
Dr.  Smith'*  (>u/ir*.  vol.  ii.  p.  394. 

tit  ^houla  be  obKenred,  that  in  asing  (rolphahc 
ncid  gnfnt  oar?  muiit  lie  had  to  prevent  irs  ooataet 
with  the  eye,  as  it  might  destroy  that  organ. 
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the  quantity  of  the  fluid  employed,  or  by 
allowing  the  plate  of  glass  to  be  horizon- 
tal with  the  drop  above  or  beneath  it ; 
thus  if  the  plate  be  uppermost,  the 
gravity  of  the  fluid  will  make  it  more 
convex,  as  in  fig,  51.  If  the  drop  be 
above  the  plate,  the  lens  will  be  flat- 
tened, as  \nfig,  52. 

Fig,  50.  Fig,  51. 


Fig,bZ. 
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image  thereof  may  be  formed  on  a 
screen  or  wall,  but  the  image  will  be  in- 
verted with  respect  to  the  object,*  and 
when  the  object  is  not  very  luminous, 
the  room  should  be  darkened. 

Chapter  ILY^ , —  Theory  of  Compound 
Microicopei . —  Mechanical  arrange- 
ments of, — Eyepieces, — Magnifying 
powers  of, — Object-glasses. — Dr,  Go- 
ring's, —  Mr.  TullS/'s, —  M,  Cheva- 
tier's, — S,  Amicis, — Mr,  Herschets, 
— Dr.  Brewster's, — The  Amician  Re- 
flecting Microscope,  unth  its  Improve- 
ments. 


Fig,  52. 

When  the  flrst  of  these  substances 
is  used  it  soon  becomes  indurated,  and, 
if  kept  from  dust,  very  durable.  Dr. 
Brewster  informs  us,  that  he  has  made 
both  object  and  eye-lenses  of  compound 
microscopes  in  this  manner,  which  per-  (77.)  A  compound  refracting  micro- 
formed  extremely  well,  and  lasted  a  con-  scope  is  an  instrument  consisting  of 
siderable  time.  two  or  more  convex  lenses,  by  one  of 

(76.)     A  sin^e  reflecting  microscope  which  an  enlarged  image  of  the  object 

may  be  formed  by  a  concave  speculum,  is  formed,  and  then,  by  means  of  the 

having  the  ol^ect  placed  on  its  axis,  other  employed  as  an  eye-glass,  a  raag- 

and  nearer  to  tne  surface  of  the  reflector  nified  representation  of  the    enlarged 

than  the  focus,  as  at  a,  fig.  53,  when  image   is  obtained.    The   distance  at 

an  enlarged  view  of  the  object  will  be  which  the  two  lenses  of  a  compound 

formed  in  the  same  position  as  the  ob-  microscope  are  placed  from  each  other, 

ject  at  b.    This  simple  instrument  is  must  always  exceed  the  sum  of  their 

employed  to  enable  a  person  to  view  focal  lengtns,  in  order  that  the  ima^e 

his  own  ^e,   and  show  a  magnified  may  be  formed  by  the  object-glass  m 

representation  of  the  ramifications  of  the    anterior   focus  of  the  eye-glass, 

the  blood  vessels,  the  pupil,  and  the  iris.  Fig.  54  is  a  section  of  a  compound  in- 

When  the  object  is  placed  between  stniment,  r  is  the  object  intended  to  be 

the  focus  and  the  centre,  an  enlai^ed  magnified,  which  is  placed  in  the  focus 
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of  the  object-glass  o ;  by  thb  lens  an    at  a  a,  in  the  focus  of  the  eye-glms 
enlarged  and  inverted  image  is  formed  •  ^&««v^- 
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tf,  hy  which  the  diverging  rays   from  across  the  lower  stage  plate,  but  at 

the  image  are  rendered  parallel,  in  the  right  angles  to  the  upper  plate.   In  tlus 

same  manner  as  when  a  single  lens  way  any  position  can  be  given  to  the 

was   employed  to  magnify  an  object  object,  by  turning  first  the  one  and  then 

Hence  the  great  distinction,  as  l)efore  the  other  screw.    Different  mechanical 

observed,  between    single    and    com-  means  have  likewise  been  resorted  to 

pound  microscopes  is,  uiat  in  the  latter  for  effecting  the  same  purpose.    But 

we  only  view  a  magnified  image  of  the  when  live  obiects,  as  ammalcultp,  are  to 

object,  while  in  the  former  we  see  the  be  examined,  it  is  preferable  to  make 

object  itself.    From  this  it  must  be  evi-  the  stage  a  fixture,  and  to  move  the 

dent,  that  unless  the  image  formed  by  magnifier  over  the  objects,  as  the  most 

tlie  object-glass  is  a  perfect  representa-  trimng  motion  will  often  disturb  them 

tion  or  tlie  object  in  every  particular,  its  for  a  considerable  time, 

imperfections,  however  small,  will  be  (80.)  Microscopic  eye-pieces  may  be 

increased  by  the  eye-glass,  in  the  same  constructed  in  the    same    manner  as 

ratio  as  we  magnify  the  ima^e,  or  in-  those  used  for  telescopes,  (§  22,  43 — 

versely  as  the  focal  length  of  the  eye-  45)  so  as  to  correct  the   spherical  and 

glass.  chromatic  aberrations.  ^But  as  the  rays 

With  tiiis  disadvantage  the  com-  proceed  from  an  object  lens  whose 
pound  instrument  had  oeen  entirely  aperture  is  less  than  tne  fiekl-glass,  the 
laid  aside,  by  the  most  distinguished,  distances  of  the  two  lenses  ^nll  dilBer 
natiuralists  and  philosophers  in  their  in  a  small  degree  from  those  employal 
experimental  researches,  till  very  re-  for  telescopes ;  this  will  also  be  the  case 
cenUy.  for  popular  and  general  appli-  if  the  distance  between  the  ol^ect-glass 
cation  it  is  preferred,  on  account  of  the  and  eye-piece  of  a  microscope  be  yazied. 
extent  of  field  obtained  by  it,  which  (81.)  If  the  field-glass/  (Jig.  54) 
is  far  greater  than  that  obtained  by  or-  were  exactly  in  the  k>cus  of  the  eye-- 
dinary  single  glass  lenses  of  equivalent  glass  e,  it  would  have  no  effect  on  the 
power:  and  for  these  purposes  there  magnifying  power  of  the  microscope; 
18  usually  introduced  a  neld-glass/,  by  in  mis  case  tne  amplification  of  an  ob- 
which  the  extent  of  the  view  is  increased  ject  might  be  determined,  by  dividing 
from  a  a  to  1 1,  by  the  rays  being  bent  the  disSmce  from  the  object-glass  iS 
by  this  lens  so  that  a  greater  portion  which  the  image  is  formed  by  the  dis- 
may be  refracted  by  the  eye-glass  e.  tance  of  the  object  from  that  glass, 

(78.)     The    compound    microscope  which  gives  the  diameter  of  the  image; 

may  be  mounted  nearly  in  the    same  by  multiplying   this   number    b^  tiie 

manner  as  the  single,  or  indeed  the  same  power  of  the  eye-glass,  we  obtain  the 

stand  may  be  employed  for  both.    Fig,  magnifying    power  of  the  instrument. 

55  is  a  compound  microscope,  having  Example :  let  the  sidereal  focus  of  the 

all  its  moveable  parts  sliding  on  a  tri-  ol)ject-glass  be  one  inch,  and  the  dis- 

angular  bar  a,  which,  from  its  mecha-  tance  o  i  be  6  inches  ;  then  6  -f-  1  =6, 

nical  properties, is  better  adapted  for  a  and  6x5  (Uie  power  of  the  eye-lens 

microscope  than  any  other  form,  pro-  e  of  two  inches    focus)   will   ^ve  30 

vided  the  sliding  pieces  are  sprung  on  times  as  the  increase  in  the  diameter 

one  side  only;  ft  is  the  compound  body,  of  the  object,  or  900  its   increase    in 

o  the  object  end,  x  the  slider  attached  surface.   But  here  we  have  divided  by 

to  the  stage,  c  the  condensing  lens,  and  r  one  inch  the  sidereal  focus  of  the  ob- 

the  reflector  with  a  AooA*«jot>i/6ef  handle,  ject- lens  ;  this,  however,  would  not  be 

(79.)  With  the  instrument  just  de-  its  focus  when  it  has  to  form  an  imaee 

scribed,  in  order  to  bring  the  various  at  6  inches  distance  on  the  other  sicfe, 

parts  of  the  object  under  the  magni-  but    to  obtain  distinct  vision  the  ob- 

fier,  the  body  of  the    instrument   is  ject  will  require  to  be  U  from  the  lens, 

moved  by  a  rack  and  pinion  working  (see  40.)  this  would  reduce  the  actual 

a  triangular  bar  at  right  angles  to  the  magnifying    power  to    25,    or  625  in 

bar  a,  though  it  is  often  preferred  to  suitace. 

move  the  stace,  as  being  of  the  least  (82.)   Having  thus  shown  how  the 

weight ;  for  which  purpose  it  is  made  power  of  a  compound  microscope  may 

to  consist  of  three  plates :   the  upper  be  obtained  with  only  iivo  glasses,  it  is 

one  carries  the  holder  for  the  sliders,  necessary  to  point  out  the'  means  of 

and  is  moved  across  the  middle  plate  determining  the  amplification  when  a 

by  means  of  a  screw;  while  the  mid-  /?tfW  lens  is  introduced.     If  we  proved 

die  plate  is  moved  in  a  similar  manner  for  this  purpose  by  calculation,  the  pro- 
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eeis  will  be  rather  complex,  and  unless 
the  data  are  very  accurate  the  result 
will  be  incorrect ;  these  data,  which  are 
the  foci  of  the  several  lenses  and  their 
distances  fi'Oin  each  other,  offer  many 
practical  difficulties.  We  shall  therefore 
describe  a  practical  and  simple  method 
by  which  it  may  be  found  with  equal 
accuracy ;  either  when  the  instrument 
is  a  compound  refractor,  or  rector, 
of  any  construction.  This  novel  mode 
of  Dr.  Goring,  for  determining  the  am- 
plification of  a  microscope,  is  as  fol- 
lows :♦ — As  the  aperture  of  the  object- 
gloat  or  metal  is  to  its  acting  focus, 
measured  from  the  radiant  point,  (t.  e, 
distance  of  the  object  from  the  lens 
fiiien  seen  distinctly,)  so  is  the  size  of 
its  visual  pencil  (t.  e.  the  small  circle 
of  light  described  in  $  H)  to  the  focus 
of  a  single  lens  equivalent  in  power  to 
the  compound  instrument. 

By  this  method  tlie  sidereal  focus  is 
not  required  to  be  known  for  any  of  the 
lenses,  however  numerous ;  the  acting 
focus  of  only  one,  viz,  the  object-glass 
or  metal  must  be  ascertained ;  and  then 
by  measuring  its  true  acting  diameter  or 
aperture,  together  with  the  diameter  of 
the  small  pencil  of  light  seen  through 
the  eye-glass  when  the  observer  is  at  a 
little  distance  from  it,  the  whole  is 
accompiished.t 

'  (83.)  The  eye-pieces  of  some  com- 
pound microscopes  consist  of  four  or 
five  glasses,  the  makers  having  consi- 
dered the  perfection  of  the  instrument 
to  consist  m  obtaining  a /2ri/  and  enlarged 
field  of  view  with  a  nigh  power  and 
shallow  object-glass ;  but  the  brilliancy 
and  sharpness  of  the  image  is,  how- 
ever, destroyed  by  this  arrangement, 
and  the  inti-oduction  of  considerable 
fog  and  flare  is  occasioned  by  the  re- 
flection of  so  many  surfaces :  for  it  may 
be  remarked,  that  each  surface  will  pro- 

*  OaarftfWy  Jomrmal^  yoL  xxi. 

f  To  determittP  the  znKipnifjriog  power  of  a  oom- 

poand  mieroiieope  bf  ealeulatioB.  let  D  =  diMtMiRe 

of  th»  radiut  from  liie  <«b)«ct*f  Un ;  d  s  disunoe  of 

th«  inaf^  Irom  tke  ume ;  A  =  the  distance  of  di«* 

tinetTisKm;  and/s  the  focal   length    of  the  eye- 

mlmam ;  thai,  if  oalr  two  lease*  are  employed,  the 

d      A 
mmplifjiag  power  a  A  =  -  x  y.    If  a  firld-glaae  w 

iatrodaoed,as  in  moet  oompounda,  this  formala  most 

L 
be  multiplied  bj  the  fraction  ~-   :  f  beinf  the  focal 

a«      

length  of  the  field  lens,  and  L  =  ^-—  —  4^^f;    ) 


duce  a  reflected  image  of  the  object  in 
the  axis  of  the  instrument,  and  thus 
occasion  a  dark  and  undefined  spot  in 
the  middle  of  the  object,  while  the  edges 
are  bright  and  fringed  with  colour ;  from 
these  defects  the  instrument  is  rendered 
unfit  for  the  vision  of  all  but  the  most 
common  objects,  and  these  cannot  be 
seen  of  their  natural  figure.  One  of 
these  eye-pieces  is  shown  at   tig.   56, 

Fig.  56. 


where  E  E  are  the  eye  and  F  F  the  field 
glasses. 

(84.)  The  brightness  Mid  penetration 
of  compound  microscopes  will  be  in 
proportion  to  their  apertures  under  a 
g^ven  focus,  firom  which  circumstance 
the  improvement  of  the  instrument  will 
always  be  as  the  angle  of  aperture  of 
the  object-glass  free  u-om  aberration. 

When  a  single  plano-convex  lens  of 
about  half  an  inch  focus  is  used  as 
an  object-glass,  the  aperture  must  be 
about  the  r^th  of  an  inch,  with  the 
flat  side  outermost;  but  if  we  employ 
two  lenses  to  produce  the  reauired  re- 
fraction, the  aperture  should  be  be- 
tween them,  which  may  be  made  laiger 
than  can  be  employed  with  a  single 
lens  of  equivalent  power.  The  most 
advantageous  combination  of  convex 
lenses  for  low-powered  object-glasses, 
is  that  contrived  by  Dr.  Goring,*  and 
shown   in  fig,  57.      The    outer    lens 

F^g.  57. 


being  equal  the  distance  of  the  first  and  second 
^immamt,  and  tf'  the  distance  of  the  first  and  third 
^In****-  If  the  construction  of  the  eje-piece  is  ne- 
^4Uire,  the  power  is  diminkbed  by  the  introduction 
of  the  AeM-Klaw,  but  when  poaitiTe  (|  iS)  the  power 
%^  A^j^mented. 


\J^ 


a  is  plano-convex,  with  its  flat  side 
next  the  radiant,  whose  focal  distance 
is  I  or  I  of  the  crossed  or  plane  lens  c ; 
the  stop  d  is  placed  in  the  focus  of  the 
lens  a ;  when  the  focus  of  the  lens  a  is 
not  less  than  \  an  inch,  the  combina- 
tion has  been  employed  with  consider- 
able advantage  both  as  regards  distinct- 
ness and  aperture. 

(85.)  The  most  improved  ol^ect- glasses 
for  compound  microscopes  are  those 

•  Quarterly  Jotwnol,  ^o\,  k^v^.  v*  '^^'^ 
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thftt  we  rendered  achromatic,  n  k  much 
larger  angle  of  aperture  can  be  obtained. 
These  were  first  construdei  at  the 
■ufCCestion  and  expense  of  Dr.  Goring, 
by  Mr.W.  Tully,  in  the  lummer  of  1824,* 
and  more  recently  in  France,  by  M. 
Chevaiier.+  The  aplanaticof  Mr.Tully 
coitsists  of  a  concave  of  Guinard's 
flint  glass  placed  between  (uw  convex 
lenses  of  crown  and  Dutch  plate  rlass. 
The  apertures  obtained  in  these  object- 
glasses  are  equal  to  half  their  focal  dis- 
tances, which  are  from  0.2  to  1.0  inch 
focus.  By  the  increase  of  aperture 
which  is  here  attainable,  the  penetrating 
power  is  augmented,  so  that  the  varied 
markings  on  objects  are  rendered  visible 
with  these  large  apertures,  which  with 
common  object-glasses  of  the  same 
power  an,  wh.olly  undiscemiWe.  This 
property  of  the  penetration  of  a  micro- 
scope being  always  as  the  angle  of 
MCTture,  was  first  pointed  out  by  Dr. 
Goring,  and  is  fidly  borne  out  hy  ex- 
periment In  the  telescope  the  pene- 
trating power  necessary  to  observe  atars 
and  nebula  is  dependent  on  the  area  of 
the  otject- glass  or  metal,  without  rela- 
tion to  its  focal  distance ;  but  in  the 
microscope  it  is  the  result  of  the  aper- 
ture  inproportinn  to  theii  food  distance. 
The  difficulties  that  present  themselves  in 
correcting  the  aberrations  of  these  object- 
masses  when  of  short  focus  is  consider- 
ably increased,  though  their  penetrating 
powers  are  always  improved  by  a  dimi- 
nution of  their  focal  length.  The  sphe- 
rical aberration  is  greater  and  more  diffi- 
cult to  correct  than  in  telescopes,  (the 
convex  seldom  having  sufficient  aberra- 
tion to  correct  the  concave,)  and  as  the 


Btruse  than  in  a  telescope  for  parallel 
rays.  The  curvatures  and  dimensions  of 
one  of  Mr.  Tully's  object-glasses  are  as 
follows,  and  fig.  5S  is  a  section  twice 

Sidereal  focus  of  the  object-glass  0.9;(3 
Total  diameter  of  the  lenses  0.55 

Clear  aperture  O.S 

Radius  of  I  st  surface  0.B2S  i  convex . 
Ditto         2nd  0.525  (crown 

Ditto         3rd  0.5     iconcave 

Ditto         4th  U.6      iflint 

Ditto         5th  0.57S  iconvex 

Ditto        6lh  0.575  (Dutch  plate 


Sperafic  gravity  of  crown  8,5271 
Thickness  of  ditto  0.15  I 

Specific  graviW  of  flint      3^27 ) 
Tliickness  of  i£tto  _  0.164) 


(8G.)  The  object-glasses  of  M.  V.  Che- 
valier are  constructed  on  the  prindples 
laid  down  by  Euler,*  and  consist  of  a 
double  and  equally  convex  tens  of  [jate 
glass  cemented  to  a  plano-convex  of 
Guinard's  flint     The  construclioD   is 


of  these  achromatics  obtained  by 
Mr.  Lister  are  as  follows  :— This  ol^ecl- 
glass  is  shown  in  section  at  Jig.  59,  of 
twice  its  real  size. 


Radii  of  the  isosceles  ci 

Radius  of  Ihe  plano-concave  flint  0. 


at  the  \ 


10.072 


Thickness  of  tin 

Thickness  of  Ihe  convex  at  the 

Diameler'of  the  lenses  0.36 

When  these  object-glasses  came  first 
into  this  country,  although  achromatic. 
and  two  of  them  vcerc  combined,  which 
is  a  considerable  improvement  on  the 
single  ones,  they  could  not  show  Ihe 
test  objects,  the  aperture  being  cut  off  by 
a  small  stop;  but  on  removing  this  stop 
Dr.  Goring  was  enabled  to  make  tliem 
efffctiv/!  on  most  of  them. 

'"" .)  Tlie  combination  of  three  lelx  of 
ic  lenses  for  an  ob 
itlybeen  executed  by 
Amici,  who,  in  order  to  have  the  body  of 
the  microscope  horiiontal  and  object- 
gtasscs  vertical,  introduces  a  right  angu- 
lar prism  to  change  the  direction  of  1h^ 
raya,as  at  P.y^.aa.  But  the  introduc- 
tion of  so  many  surfaces,  vie.  fifteen,  ha! 
a  tendency  to  weaken  Ihe  outline  of  tlie 
objects.  Mr.  Dollond  has,  however, 
lately  combined  two  triple  object-glasses 


•  Ounrrlv  Jm 
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of  one  inch  focus,  and  about  half  an  necessaiy,  fixed  to  it,  the  arm  of  the 

inch    aperture,    which    perform    ex-  microscope  and  the  lens  is  then  brought 

tremely  well :  they  can  also  be  used  into  contact  with  the  fluid  in  the  ves 

separately.     It  is  necessary  for  us  to  sel.    The  rays  which  diverge  from  the 

remark  here,  that  as  the  ray  after  pass-  object  emerge  directly  from  the  fluid 

ing  through  the  first  aplanatic  combina-  into  the  object-glass,  and  therefore  suf 

tion  is  in  a  dififerent  state  to  what  it  is  fer  a  less  refraction  than  if  it  had  been 

on  entering  the  second,  due  correction  made  from  air ;  but  the  focal  length  of 

ought  to  be  made  when  these  glasses  are  the  lens  is  very  little  increased  ;'*  as  the 

intended  to  be  used  separately  and  com-  radius  of  the  immersed  surface  should  be 

bined ;  indeed,  in  those  of  short  focus  about  9  times.its  focal  distance,  and  the 

such  correction  is  absolutely  requisite,  side  next  the  eye  (or  field  lens)  about 

so  that  if  they  are  perfect  when  com-  three-fifths  of  the  same  distance, 
bined.  only  one  can  be  so  if  employed        (90.)    This  method  of  fitting  up  and 

singly.    When  a  triple  one  and  a  double  using  a  compound  microscope,  says  Dr. 

one    are    combined   the    performance  Brewster,  enables  us  in  a  simple  manner 

seems  best  of  all.  to  render  the  object-glass  achromatic, 

(88.)  If  we  are  desirous  of  pro-  without  the  assistance  of  any  additional 
ducing  an  aplanattc  object-glass  with-  lens.  This  may  be  effected  by  employ- 
out  using  the  achromatic  combinations  ing  a  fluid  whose  dispersive  power  ex- 
above  described,  that  of  Mr.  Herschel,  c€«ds  that  of  the  object-glass,  and  by 
in  jfig.  48,  will  be  found  of  great  value,  accommodating  the  radius  of  the  ante- 
as  it  is  free  from  all  spherical  aberration  rior  surface  of  that  lens  to  the  difference 
in  the  axis.  One  has  been  executed  of  their  dispersive  powers,  the  image 
(which  is  in  our  possession)  of  only  will  then  be  formed  free  from  any  of  the 
one-sixth  of  an  inch  focus,  with  an  primary  colours  of  the  spectrum.  The 
aperture  of  the  ^\th  of  an  inch,  which  fluids  most  proper  for  this  purpose  are 
lirincfs  out  all  the  test  objects  and  ex-  Oil  of  cassia. 

hibits  opaque  ones  with  facility.     This  anise  seeds. 

combination  is  made  of  crown  glass.  cummin. 

When  it  is  not  thought  advisable  to  cloves. 

employ  a  correcting  lens,  (t.  e.  one  with  sassafras. 

a  concave  surface,)  it  must  be  evident,  sweet  fennel  seeds 

from  what  has  been  stated  respecting  spearmint 

single  microscopes,  that  the  diamond  ^pimento. 

or  sapphire  will'  be  the  most  aplanatic        In  order  to  render  the  ol^'eet-glass 

as  an  object  lens.  achromatic,  when  it  is  made  of  crown 

(89.)    A  compound  microscope  for  glass,  and  the  fluid  in  which  the  objects 

viewing  objects  of  natural  histoir  has  are  immersed  is  oil  of  cassia,  the  radius 

been  proposed  by  Dr.  Brewster.     In  the  of  the  siurface  next  the  object  should 

ordinary  instrument,  firom  the  objects  be  to  that  of  the  surface  next  the  eye, 

being  employed  in  a  dry  or  shrivelled  as  2.5  to  1 ,  or  the  radii  may  be  made  as 

state,  their  "natural  polish  and  bril-  2.2  to  1 ,  and  the  dispersion  of  the  fluid 

liancy  is  impaired  ;   the  minute  parts,  let  down  (by  any  of  the  other  oils  which 

such  as  the  hairs  and  down,  adhere  to  are  here  placed  in  the  order  of  their  dis- 

one  another,  and  the  general  form,  as  persion)  till  the  chromatic  aberration  is 

well  as  the  disposition  of  its  individual  corrected. 

parts,  can  no  longer  be  distinctly  seen."        (91.)    Compound  microscoi)es  have 

To  remedy  these  defects,  "  several  small  been  constructed  of  almost  every  pos- 

glass  vessels  must  be  provided,  having  sible  dimensions,  from  a  few  inches  in 

different  depths  from  1  to  3  inches,  and  length  to  that  of  20  feet ;  but  from  prac- 

having  their  bottoms   composed  of  a  ticad  experience  it  appears  evident,  that 

piece  of  flat  glass,  for  the  piurpose  of  when    their  magnitude  is    augmented 

admitting  freely  the  reflected  light  which  beyond  a  certain  point  the  performance 

is  intended  to  illuminate  the  object."  ofthe  instrument  is  deteriorated,  though 

The  olgects  to  be  viewed  must  be  pre-  we  suppose  the  amplifying  power  of  both 

served  in  a  fluid  which  will  cause  them  microscopes  the  same ;  indeed,  those  of 

to  retain  their  plumpness  and  impart  the  larger  description,  which  have  been 

that  freshness  of  colour  which  they  made  to  examine  objects  of  considerable 

SDssessed  when  alive  ;  these  with  the  dimensions,  cannot  be  considered  of  any 

uid  are  to  be  put  into  the  vessel,  "  and  use  except  for  amusem^nl.  TlVv^t^*»«^ 

being  placed  upon  a  glass  stage,  or,  if  however,  nv\\^  \ive  «ra»3\«  vwsNxviXftKofc. 
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produces  a  better  representation  of  the 
object,  has  not  been  determined ;  for  in 
both  instruments  (mathematically)  the 
proportional  errors  are  the  same,  but  it 
may  be  that  the  errors  in  the  smaller 
instrument,  though  existing:,  are  not  so 
divided  as  to  be  discoverable  to  the  or- 
gan of  vision.  At  present  no  certain  pro- 
portion between  the  lenijth  of  the  body 
of  the  instrument  and  the  focus  of  the 
object-glass  has  been  determined,  ex- 
cept that  the  body  requires  to  be  length- 
ened when  the  focal  length  of  the  object- 
glass  is  increased,  to  give  its  maximum 
effect  The  average  length  of  body  for 
different  object-glasses  is  from  five  to 
ten  inches ;  for  when  tlie  rays  after  once 
being  acted  upon  are  allowed  to  travel 
any  considersible  distance  to  form  the 
image  in  the  focus  of  the  eye-piece,  tht-y 
will  tie  so  much  separated  and  weak- 
ened that  the  eye-piece  will  not  be  able 
to  collect  them  truly.  And  it  may  be 
further  remarked,  that  the  power  should 
always  be  obtained  by  the  object-glass  in 
preference  to  the  eye  -piece ;  and  although 
it  is  well  known,  that  a  flat  and  more 
extended  field  is  obtained  by  the  latter, 
yet  when  these  are  procured,  no  distinct 
itlea  of  the  structure  of  the  object  is 
discoverable,  and  thus  the  veiy  inten- 
tion of  the  microscope  is  destroyed, 
which  ought  to  unfold  to  our  perception 
the  nature  and  functions  of  bodies  too 
minute  for  ordinary  inspection. 

(92.)  The  Amician  reflecting  micro- 
scope was  invented  at  Modena,  by  Pro- 
fessor Amici ;  it  consists  of  a  concave 
ellipsoidal  reflector  whose  focal  distance 
is  2j%  inches  with  an  aperture  of  one 
mch.  In  the  axis  of  this  reflector,  and  at 
about  half  its  focal  distance,  is  placed  a 
small  flat  reflector  whose  surface  forms 
an  angle  of  45°  with  the  axis  of  the  in- 
strument; (simOar  to  the  Newtonian 
telescope ;)  the  object  is  placed  opposite 
to  the  plane  metal,  and  is  adjusted  to 
the  focus  of  the  concave  reflector.*  The 
rays,  after  reflection  from  the  concave 
metal,  form  an  image  of  the  object  in 
the  other  focus  of  the  ellipse,  which  is 
viewed  by  an  eye-piece  attached  to  the 
tube  at  about  8  inches  from  the  metal. 
The  performance  of  this  instrument  was 
held  m  high  estimation  on  the  continent, 
being  considered  superior  to  jiny  com- 
pound    refracting     microscopes     then 

•  The  above  nieas."irdnentji  are  tho>«'  of  thtr  ordinal 
iMtrumpnt ;  tbe  FrofeN^or  hnvini;  hiibscipifntl^ 
foand,  that,  by  Hhortening:  the  focdl  length  of  the 
eoncave  metal,  the  perfoniiance  of  the  micro^icope  is 
improved,  leu  assut^Dce  being  reiiuirfd  troiu  the 
tjre-pitce. 


made ;  this  induced  the  introduction  of 
the  Amician  construction  into  England* 
But  when  carefully  made  of  the  propor- 
tion here  stated  it  only  equalled  the  com- 
pound refracting  instruments,  and  like 
them  it  was  unable  to  show  the  delicate 
markings  on  various  test  objects,  particu- 
larly the  lines  on  the  dust  fi-om  the  wings 
of  a  certain  class  of  moths  and  butter- 
flies. This  instrument,  however,  has  since 
been  improved  in  this  country,  so  as  to 
show  in  a  distinct  and  satisfactory  man- 
ner, free  from  chromatic  and  spherical 
al)erration,  almost  every  class  of  test 
objects.  These  improvements  were  made 
by  Mr.  Cuthbert,  under  the  direction  of 
Dr.  Goring.*  The  most  important  im- 
provement is  the  formation  of  the  con- 
cave metal  of  very  short  focal  distance, 
whereby  less  assistance  is  required  from 
the  eye-glass  to  obtain  the  required 
power,  while  its  aperture  is  increased  to 
more  than  half  the  focal  distance ;  thus 
an  increase  of  penetrating  power  is  ob- 
tained. In  the  original  Amician  con 
struction,  the  small  flat  metal  occupied 
so  large  a  portion  of  the  central  pen- 
cils of  rays,  as  to  produce  a  kind  of 
nebulosity  around  the  object,  the  image 
being  formed  on  the  refma  of  the  eje 
by  a  narrow  ring  of  reflected  light,  as 
represented  at  /g.  60.  In  Goring's 
improved  construction  the  small  mctai 
is  lessened,  and,  consequently,  it  does 
not  occasion  so  much  impediment  to 
the  central  rays  as  shown  at  Jig.  G 1 . 

Fi£r,60,  Fig,6\. 


In  the  section  of  this  Engiscope,-r  {fig. 
62,)  a  is  the  object  opposite  the  flat 
metal  c,  and  in  the  focus  of  the  concave 
ellipsoidal  metal  d;  the  image  t  is 
formed  in  the  other  focus  of  the  ellipse 
between  the  lenses  e  and/ of  a  negative 
Huygenian  eye- piece;  the  adjustment  of 
the  object  is  effected  by  means  of  a  rack 
and  pinion^,  attached  to  the  tube  at  right 
angles  to  its  axis.  When  the  power  is 
required  to  be  changed,  the  metals  are 
unscrewed  from  the  body  and  others 
put  on  in  their  stead.  Their  usual  aper- 
tures and  foci  are  as  follows :  — 


•  See  Quarterly  Journalt  vol.  xx\.  p.  34. 
f   This  term  ba«  been  applied  by  Dr.  Goring  to 
dtfsigoak  a  micro^oope  in  iti  perfect  form. 
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"iSiT"  whether  it  will  be  pfficient  for  the  put- 

U.6  poaes  intended.  This  can  only  be  known 

0.3  by  its  capability  of  exhibiting  those  ob- 

U.3  jucts  submiltea  to  it  r  till  very  recently 

0.2  it  was  not  Rseci'tained  that  certain  ob- 

jects, inonier  to  render  their  various 
markintrs  or  texture  distinctly  apparent, 
rei[uirt<J  the  instrument  to  be  of  tlie 
best  con<lruction,  whether  sinple  or 
compound,  and  possessiDZ  a  consider- 
nlile  ijuantity  of  distinct  liKht.  These 
olijectB  have  therefore  been  denominated 
/"/*,  l»y  their  discoverer.  Dr.  Gorine. 
In  order  that  our  readers  may  be  able 
justly  to  appreciate  the  efficiency  of  any 
mi(ro<irO|)e  ihat  may  come  within  their 
observation,  and  determine  its  penftrat- 
iii/f  nndrfi^nin^  powers,  whether  the  in- 
sVnimi'nt  be  single  or  compound,  we 
shall  describe  the  principal  test  objects 
nui'ssary  for  that  purpose.  Hie  objects 
best  adapted  to  determine  the  pene- 
trating power,  are  the  dust  or  scales  from 
the  wines  of  certain  classes  of  Papilio, 
ibutterflies  and  moths.)  Of  these  the 
Menelabt,  shown  in  fg.  G3  and  <i4 
(magnified)  is  a  very  useful  object  The 
dust  from  llie  under  side  of  the  wing  of 
the  male papiliobrassica  (while  cablwgc 
butterfly,)  shown  in  7?^.  65,  is  a  jtood 
proof- ol^ect,  and  a  very  peculinr  one  of 
the  same  kind  is  shown  \nfg.  GG,  (bolh 
mnirniiicd.)  In  vieiving  lliese  objects  a 
ijirjre  anjrle  of  fjperture  is  reipiired  (at 
least  equal  to  half  the  focus.)  in  order 
that  the  lines  and  markings  may  be  dis- 
tinetlyseen.  Thereaxe.howeviT.manyof 
the  scales  from  some  kinds  of  papilio, 
on  any  of  which  the  lines  can  lie  seen  by 
an  ordinary  instrument.  But  iheotiyecls 
here  selected,  as  well  as  the  bnes  on 
the  scales  from  the  tmall,  broim,  hmug 
moth ;    the   lines  on  the    scales   taken 

„ „.,^     from    the    foreign   curculio    (diamond 

createst  requ'  *te    n't  he  selection     beetle)  (/f^  67)  require  a  more  perfect 
1     ocpc    obeabeo  ascertain      n  tnimen     o  develops  them      l.as  ly 

Fg  63  Fig   6%        Fg  6  fig   66  Fg  64 


■  pTKi'  XV.— r^«/  ObjfcU.—Opaqus 

lirrotame.  —  .So/nr  Mieroicope.  — 
n/inirM. — Lucernal. — Magic  tan- 
■rti.  —Phimlatmagoria. 
)   7V«(  objuct*. — ^It   is  perhaps 
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the  most  difficult  of  all  the  tett  ob- 
jects are  the  lines  on  the  scales  from 
the  Podura  springtaU,  recently  dis- 
covered by  T.  Carpenter,  Esq.,  and  on 
which  the  markings  are  only  just  dis- 
cernible by  the  most  perfect  instru- 
ments. When  the  penetrating  power 
is  thus  ascertained,  its  defining  power 
may  be  determined  by  inspecting  a  leaf 
of  the  moss  of  a  species  of  the  genus 
hypnum,*  which  requires  a  considerable 
penetrating  as  well  as  defining  power, 
fully  to  develope  the  lozenges  which 
constitute  its  fabric,  making  out  a  lu- 
minous nucleus  to  each,  which  should 
be  sharply  defined  and  of  the  same 
shape  wiUi  the  outer  lozenge.t  As 
opaque  test  oljects,  the  bats  hair 
snown  in  ^g.  68  and  69,  and  the  mouse 
hair  (fig,  70  and  71 ,)  may  be  considered 
excellent  tests,  when  the  outline  and 
markings  are  well  defined.  These  objects 
may  be  also  examined  with  transmitted 
light  with  the  same  advantages. 

Fig.  68.  i%.  69.   Fig.  70.  Fig.  71. 


be  pronounced  effhctwe.  It  should  be 
remarked,  that  when  the  objects  are 
ysed  as  opaque,  a  smaller  i^perture 
will  do  best,  viz.  about  f  (^  its  focus^ 
(for  any  power  less  than  300  decimal 
etandardj  but  the  magnifier  requires  to 
be  more  firee  from  aberrations.  For 
transparent  objects  a  lareer  aperture  is 
absolutely  necessary;  ana  for  some  tetts 
it  should  be  equal  to  its  focal  distance, 
to  show  the  cross  9tri€B  between  the 
lines  on  many  of  the  scales,  when 
the  power  of  the  instrument  or  lens  i^ 
considerable.  It  is  worthy  of  remarli 
that  the  same  aperture  thai  with  advan- 
tage will  develope  one  class  of  objects 
wul  not  show  another  with  the  same 
success. 

(96.)  Opaque  Cupe. — When  the  focal 
distance  of  a  magnifier,  either  employed 
singly  or  as  the  objective  to  a  com- 
pound instrument,  is  too  short  to  admit 
of  an  opaque  object  being  Uluminated 
by  a  light  thrown  between  it  and  the 
lens,  the  magnifier  is  mounted  in  the 
manner  shown  in  fig.  72,  where  the 


(94.)  The  white  letters  on  a  black 
ground  seen  on  a  piece  of  enamelled 
watch  plate,  is  perhaps  one  of  the  best 
tests  to  determine  the  quantity  of  chro- 
matic or  spherical  aberration  in  a  lens : 
indeed  to  detect  the  latter  error  an  ar- 
tificial star  %  may  be  used  with  advan- 
tage, which  re(iuires  considerable  defin- 
ifig  power  to  show  well. 

(95.)  In  examining  these  test  objects 
the  direction  and  quantity  of  light  must 
be  carefiilly  attended  to,  nor  must  it  be 
injured  or  mutilated  by  the  reflector, 
condensing  lens,  or  ouier  diaphanous 
body  through  which  it  may  pass  to  the 
object.  When  an  instrument  can  show 
these  proof  objects,  it  may  with  certainty 

•  ITie  eeneric  name  of  this  moss  was  recently 
discorerea  by  Mr.  Carpenter. 

+  J.  Pond,  Ks4].,  the  Astronomer  Royal,  on  recently 
axaminioe  this  object  with  a  deep  sapphire- lens,  di». 
covered  tnat  they  are  not  lozenf^es  but  hexagons,  the 
two  sides  being  very  short  in  comparison  to  the  others; 
be  has  also  observed  with  a  sapphire  of  the  power  of 
S50  all  the  lines  on  the  podura. 

t  An  artijicial  star  maybe  made  by  taking  a  small 
globale  of  pure  mercnry  kept  in  gnm  water,  and 
securing  it  to  a  black  ground,  as  burnt  cork  or 
black  paper;  or  a  globule  of  platina  fused  bv«lec- 
trioity,  and  attacbed  to  a  black  ground  may  be  em- 


Fig.  72. 


lens  is  set  between  two  thin  pieces  of 
metal,  at  such  a  distance  from  the  centre 
of  the  concave  polished  reflecting  cup 
a,  a,  that  the  object  o  shall  be  in  its  focus 
and  in  the  focus  of  the  lens  at  the  same 
time.  When  thus  arranged  the  light 
is  thrown  on  to  the  reflector  (at  the 
back  of  the  object,)  whence  it  is  re- 
flected to  its  focal  point  to  illuminate 
tlie  object  placed  therein.  If  the  rays 
ofli^ht  are  not  sufficiently  condensed 
by  this  concave  mirror,  it  may  be  as- 
sisted by  a  condensing  lens  c,  by  which 
the  proper  quantity  of  light  required  by 
tlie  magnifier  or  object  is  obtained. 
When  opaque  objects  are  to  be  viewed 
in  the  Amician  engiscope  described  in 
(92.)  the  silver  reflector  is  made  to  be 
attached  to  the  tube  opposite  the  plane 
metal  c,  (  fig,  62.) 

(97.)  The  solar  microscope  consists 
of  a  common  microscope  connected  to 
a  reflector  and  condenser,  the  former 
being  used  to  throw  the  sun's  light 
on  the  latter,  by  which  it  is  condensed 
to    illuminate   the   object    placed   in 
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its    toeua ;  one  of  these   iiutnunenU    »  double  otgect-glaas  0,  c.    The  rays 
is   slmni    in   sectioa  Jig.  73.   with    frna  the  sua  o,f>,oan  received  on 


Dm  looking-dsss  or  reflector  d,  which 
ii  capable  en  btdiu;  directed  in  any  po- 
nlion,  to  throw  the  ray*  of  the  sun  on 
the  condeniing-leas  o ,-  the  object  t  ii 
thai  strongly  Uluminated  by  the  con- 
dnsed  light  of  the  sun.  This  ol^ect  is 
placed  in  the  focus  of  the  microscopic 
Ime,  which  in  the  common  instrument 
a  Ibe  only  one  employed ;  but  nhen  the 
combination  of  two  lenses  is  used  the 
mi^fied  image  is  improved ;  this  re- 
prHenlation,  or  picture  of  the  object,  is 
rwMved  on  a  wall  or  screen,  and  the 
■Dtcniiyini;  power  of  (he  in^itruraent 
wilf  be  always  as  the  distances  ie  to 
c  A  ;  thus,  if  the  acting  focus  of  the 
Ims  e  is  1  inch  when  it  forma  an 
inage  on  the  other  side  at  5  feet,  the 
Inew  amplification  will  be  60  times,  or 
Ihe  increase  of  surfuce  3600  times. 
When  we  decrease  the  distance  of  c  A 
(0  about  10  inches,  the  decimal  stand- 
aid,  although  the  magnitude  of  the 
image  will  not  be  so  great  yet  ib  dis- 
tinctneu  will  l>e  improved ;  and  it  will 
be  likewise  found,  thnt  when  the  image 
if  thrown  on  a  flat  surface,  the  edgbs 
aid  middle  are  not  distinct  at  the  same 
time,  for  the  rays  c/ are  Farther  from 
the  oliject-lens  than  c  A  :  to  remedy  Ibis, 
the  white  screen  should  l>c  concave 
whose  radius  is  C  B,  or  distance  of  the 
leoi  from  the  screen ;  by  this  all  the 
parts  are  made  equally  perfect. 

(99.)  An  improv«i  modification  of 
this  instrument  is  shown  in  Jig.  7-J  ; 
r  is  the  reflector,  e  the  condenser,  o  the 
object,  b  the  microscope,  which  is  here 
the  compound  instrument  with  Wt  eye- 
end  fitting  into  the  darkened  box  rf.  When  it  is  to  be  used  for  drawing,  the 
having  a  concave  at  the  bottom  to  re-  front  <■  is  let  down  to  admit  Ihe  hand  ; 
eeiTc  the  representation  of  the  olgcct.    iiiis  modification  of  Dr.  Goring  s,  liav- 
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ing  achromatic  object-glasses  adapted  are  usually  painted  representations  of 

to  it,  renders  the  instrument  truly  usC"  familiar  or  ^tesque  subjects  on  glass 

ful,  from  the  perfection  of  the  mag-  sliders,  having  the  parts  not  occupied 

nified  picture.  These  olject-glasses  may  with  the  design  blackened  to  obstruct  the 

be  used  with  or  without  the  compound  passage  of  l^it    These  sliders  are  in- 

body,  at  option ;   but  the  most  perfect  troduced  by  an  opening  cut  in  each  side 

object-glass  for  these  purposes  is  formed  of  the  tube,  in  the  same  manner  as  in 

by  the  continuation  of  a  triple  and  dou-  fig,  73 ;  the  diameter  of  the  lenses  c  and 

hie  achromatic,  by  which  a  very  large  e  are  nearly  equal  to  that  of  the  con- 

and  distinct  Held  is  procured,  free  from  denser  or  bull's  eye  a,  and  are  made  to 

colour  and  aberration.  slide  within  the  outer  tube  to  adjust  the 

(99.)   The   enclosing   of  objects  in  image  on  the  wall  at  different  distances, 

fluids,  to  exhibit  them  in  a  more  natural  A  part  of  the  lantern  is  shown  by  the 

form  under  the  compound  microscope  broken  lines  attached  to  the  end  of  the 

(described  in  89,)  may  be  likewise  applied  tube  at  a.    The  reflector  d  is  removed, 

with  equal  advantage  to  the  solar  in-  and  a  lamp  put  in  its  stead  to  illuminate 

strument.     This  Dr.  Brewster  proposes  the  lens  a. 

to  effect  in  the  manner  shown  in /^.  (102.)  PAan/a#m<^oria.— An  exhibi- 

75,  where  AB  is  the  illuminating  lens  tion  some  years  ago  was  brought  before 

«...  the  public  under  this  appellation.    It 

^*  consists  of  a  magic  lantern  constructed 

on  a  large  scale,  and  having  the  object- 
sliders  painted  in  the  same  manner; 
but  instead  of  being  exhibited  on  an 
opaque  surface,  the  figures  are  thrown 
on  a  transparent  substance.  The  man- 
ner in  which  this  spectacle  was  exhi- 
bited at  the  Lyceum,  nas  been  described 

employed  to  throw  the  condensed  light  of  ^1  Mr.  Nicholson;    but  the  kind  of 

the  sun  on  the  object  a,  enclosed  m  a  tu-  machinery  then  employed  is  not  exactly 

bular  vessel  of  the  fluid,  having  an  open-  known,  though  Dr.  Young  has  given  va- 

ing  in  the  upper  side  for  the  introduction  rious  ingenious  methods  of  producing  it. 
of  the  object  by  a  pair  of  forceps ;  c  </  is 

the  object  lens  which  forms  one  end  of  Chapter  XVI.  —  Camera  Obscura; 
the  tube,  and  m  n  a  parallel  plate  of  Portable  Box ;  Revolving ;  Pertsco- 
glass  cemented  to  the  other  end.  **  The  pic—  Camera  Lucida ;  Periscopic; 
opacity  which  arises  from  a  contraction  Amicfsintproved.—  Teinoscove;  Dr. 
of  the  parts  is  thus  completely  removed,  Brewster's  ;  Amid's,— Multiplying 
and  an  additional  transparency  com-  Glass.— Kaleidoscope ;  Telescopic. 
municated  to  them  from  the  fluid."  (103.)  Camera  Obscura*  or  darkened 
This  microscope  may  be  rendered  achro-  chamber,  is  an  optical  apparatus  for  the 
malic  by  using  the  same  fluids  and  representation  of  all  surrounding  ob- 
radii  as  proposed  in  }  (90.)  jg^ts  under  the  same  angle  which  they 
( 1 00.)  The  lucemal  microscope,  which  subtend  to  the  unassisted  eye,  and  which 
was  contrived  by  Mr.  Adams,  is  eon-  are  exhibited  in  their  proper  colour  and 
structed  on  the  same  pnnciple  as  the  shape,  so  as  to  enable  a  person  to  de- 
solar  instrument,  having  however  a  lineate  or  trace  both  near  and  remote 
lamp  to  illuminate  the  objects  instead  of  objects,  without  an  acquaintance  with 
the  sun  ;  this  lamp  is  enclosed  in  a  Ian-  the  rules  of  perspective,  when  they  are 
tern  (fig.  76)  to  screen  the  light  from  thrown  on  the  paper, 
the  observers,  in  the  same  manner  as  in  in  the  construction  of  this  instru- 
a  magic  lantern:  the  advantages  of  em-  nient  a  convex  lens  and  plane  mirror 
ploying  this  instrument  over  the  solar  are  its  principal  parts  ;  these  are  ar- 
IS,  that  we  can  command  the  light  at  ,.angc«d  difterently,  according  as  it  is 
any  Ume,  and  in  any  situation,  while  in  required  to  be  portable  or  stationary. 
every  other  respect  it  is  similar  to  that  Tlie  first  of  these,  called  the  portable 
instrument.  5^^.  camera  obscura,  is  shown  in  fig. 
{\0\.)Themagtclanternisconstruc\ed  75,  ^here  the  square  box  A  has  a 
similarly  to  the  two  former  instruments, 

but  having  the  object  and  field  glasses  of  •  I  nvmled  by  Kriar  Bacon  about  the  13th  centorv. 

larger  diameters  and  loncrer  foci,  to  ad-  I*'*'  »""but«i  by  i^iik-  to  Baptist*  Port*,  who  pub- 

.^:?                 A                u*     4       Ai_           I  •     1  lishcd   a  work  with  aa  accoant  of  it,  m  1560.  at 

mit  more  extensive  objects ;  these  objects  Antwerp 
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distance  from  every  part  of  its  stirface, 
but  S3  the  image  is  received  on  a  flat 
jlane,  the  rays  a  m  wiU  have  to  divei^ 
farlher  than  those  in  the  centre  a  i,  which 
are  nearer Ihe  lens ;  henceihe  inia§:e  will 
be   a  distorted    representation   of   the 
object:  to  remedy  this,  when   not  re- 
quired for  tracing',  the  image  should 
the  front  at  a.  Into    ijg  formed  on  a  concave  surface,  like 
.  inserted,  having  a    ,jiat  sliown  in  section   at  c.     When, 
end :  this  tube     however,  the  instrument  is  wanted  for 
the  debneation  of  objects.  Dr.  Wollaston 
'      ■■    peritcopic, 


short  tube 

le  lo  slide  out  for  adjustment 
r  near  olgects  it  reijuires  to  be     has    proposed   to   make 


out  more  than  for  distant  ' 
the  rays  proceeding  from  the  ob- 
pass  tbrouch  the  convex  glass  a, 
arm  an  inverted  imn^e  i  in  the 
-ior  focus  uf  llic  lens  ;  this  image 
."ived  on   a  reflector  or   lookinir- 


bj  having  the  lens  a  formed  with  such 
irves  that  the  marginal  rays  a  m  are 
■ndered  longer  than  the  centra!  ones 
i.     The  shape  of  the  lens  necessary 


having  the 

',  inclined  at  an  angle  or45°,  ,he  object,  and  the  radii  of  the  two  sur- 

jch  it  is  reflected  upwards  on  to  a  f^ces  as  1  lo  2,  by  which,  he  informs  us, 

of  ground  glass   at  the  top  of  the  gn  aperture  of  4  inches  can  be  employed, 

the  lid  X  has  two  side  wings  to  ex-  ^Ui  a  lens  of  22  inches  focal  distance ; 

the  li){ht  when  in  use.  The  siie  of  (he  light  and  brilliancy  of  the  picture  is 

■age  t  to  the  object  o  will  be  as  the  |hus  gre^  increased,* 

ice  1  a  to  oa;   and  as   the  latter  (iu6.)The«jmera/ucidowasinvented 

ice   is    usually   the    greatest,   the  by  Dr.  Wollaston,  in  1807,  for  the  pur- 

>  is  less  tlian  the  olject.  pose  of  ddineating  distant  otgecti,  and 

4.)  T/tt  Tevnlving  ramera  obKura  for  copying  or  reducing  drawings.  This 

.own   at  /Ig.  77,   where  e  is  the  instrument  consists  of  a  quadrangular 

_  class  prism,  by  which  the  rays  from  an 

'^'S-  ''■  object  are  twice  reflected:  its  form  is 
shown  in  Jig-  ^^-     Th^  object  o  to  be 


led  reflector  capable  of  being  turned 
.1  with  its  case  n  n.  which  has  an 
ing  in  the  front  at  o  to  admit  the 
from  external  objects ;  these  rays 
effected  lo  the  convex  lens  a.  which 
IS  an  image  of  the  object  at  i,  in  the 
imannerasinlhebox  camera:  there 
n  opening  in  the  side  of  the  box  to 
■  the  image  as  shown  by  the  eye. 
US  )  Although  the  modifications  of 
apparatus  are  numerous,  thCT  aJl  de- 
1  on  the  same  prmcipie,  which  ad- 
1  of  the  following  improvement:  the 
a  l»ing  double  convex  converges 
ruy  s  that  pass  through  it  to  the  same 


traced  is  opposite  the  pcrpendit  lar  sur 
face  of  the  prism  /  and  the  rays  pro 
ceed'mg  from  o  \  ass  through  this  but 
face,  and  fall  on  the  inclined  plant  e. 
makinganftnglewith/of67i'':  from  this 
they  are  reflected  at  an  equal  angle  to 
the  plane  a.  making  an  angle  of  135° 
with  «,  and  are  again  reflected  to  the 
eye  above  the  horiiontal  plane,  which 
makes  an  ftngleofti7i°wilbttie  last  reflec- 
tion. The  rays  of  light  from  Ihe  objects 
proceeding  upwards  from  a  towards  the 
eye  of  the  observer,  the  observer  will  o« 
led  to  imagine  the  image  at  i,  and  by 
placing  the  paper  below  in  this  place, 
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the  inuge  may  be  traced  with  a  pencil,  plate  glass  (t  tf»  C,  connected  to  a  re- 
in order  to  increase  or  diminish  tne  size  fleeting  speculum  A.  In  this  instrument* 
of  the  picture,  the  prism  is  mounted  in  the  invention  of  S.  Amid,  the  rays  from 
abrass  finune  supported  by  b^^ass  tubes,  the  object  R  are  thrown  on  to  the  spe- 
capabte  of  being  drawn  out  or  shortened  culum  A  (inclined  at  an  angle  of  1 35^, ) 
at  pleasure.  Tne  picture  always  bears  and  reflected  by  it  on  to  the  plate  glass 
the  same  relation  in  siie  to  the  ob-  at  P,  and  from  thence  to  the  eye  above, 
jeet  as  the  distance  from  the  eye  to  The  instrument  is  mounted  in  brass,  and 
the  image  or  paper  is  to  the  distance  has  a  rectangular  opening  at  the  top, 
firom  the  object  to  the  eye ;  hence  by  whereby  the  eye  is  prevented  from  see- 
kngtheninjg  the  tubes  the  drawing  is  ing  a  reverse  image  of  the  objects  pro- 
increased  m  size :  it  should  be  remurk-  duced  by  the  metallic  mirror.  Another 
ed,  that  by  this  prism  no  real  image  construction,  which  Amici  esteems  the 
is  formed,  but  it  always  appears  as  best,  is  shown  in  flg.  80,  where  the 
far  below  the  prism  as  the  object  is 
before  it   The  brass  frame  of  the  prism  Fig,  go. 

has  usually  two  lenses,  one  concave  and 
the  other  convex,  the  former  to  be  used 
in  front  at/  for  short-sighted  persons, 
the  latter  above  at  h  for  long-sights. 
The  periscopic  principle  of  Dr.  WoK 
laston  has  been  applira  to  this  instru- 
ment, by  forming  the  upper  surfkce  at 
h  sli^tly  concave. 

(1 07.)  Various  modifications  and  con-  B*-- 
trivances  have  been  adopted  to  improve 
or  construct  different  kmds  of  camera 
lucidas  for  tracing  or  delineatinff  objects. 
A  very  simple  one  may  be  made  with  a 
plane  rcflec^r,  either  of  speculum  metal 
or  plate  glass,  having  its  face  inclined 
at  an  an^e  of  45° ;  but  in  this  form,  as  *> 

there  is  only  one  reflection,  the  drawing  rays  are  made  to  pass  through  the  plale 
or  tracing  will  have  those  objects  on  glass  before  they  impinge  on  tlie  mirror 
the  left  side  that  in  the  original  object  A,  (as  shown  by  the  dotted  lines,)  they 
are  on  the  right  side,  in  the  same  man-  are  then  reflected  to  «,  and  from  thence 
ner  as  an  engraved  plate  for  printing  is  to  the  eye,  one  half  of  the  pupil  being  di- 
the  reverse  of  the  impression  taken  rected  through  the  glass  </,  e,  C  to  tlic 
from  it.  paper  below,  and  the   other  half  re- 

(108.)   The  most  ingenious  camera    ceiving  the  reflected  rays, 
lucida,  in  which  the  tracings  are  similar        (109.)  Teinoicope.—Vfe  stated  when 
to  the  original,  is  shown    in  fig,  79,    treating  of  the  achromatic  telescope, 
which  consists  of  a  parallel  piece  of    that  by  combining  a  concave  lens  of  a 

substance  having  a  higher  dispersive 


Fig,  70. 


H 


power  than  the  convex  olnect-elass,  its 
colour  might  he  corrected  without  de- 
stroying the  whole  of  the  refraction  pro- 
duced by  it.  From  numerous  experi- 
ments made  by  Dr.  Brewster,  to  deter- 
mine the  irrationality  or  inequality  of 
the  lengths  of  the  different  coloured 
spaces  m  spectra  of  equal  lengths,  he 
found  that  the  least  and  most  refiangi- 
ble  colours  might  be  destroyed,  and  rt 
fraction  produced  when  he  employed 
two  prisms  of  the  same  substance,  pro- 
vided the  prism  with  the  least  refracting 
angle  was  inclined  so  that  the  incident 
rays  entered  obliquely,  by  which  means 
the  dispersion  is  mcreased  in  a  greater 
ratio  than  the  refraction :— thus,  if  a 
flint-glass  prism  B  (fyf,  B\J  with  an 
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(111.)  The  Kaieidnteopf  is  an instm. 

ment  bvented  by  Dr.  Brewster  while 

invMtigating  the  polarization  of  light 
by  successive  reflectiona  between  plates 
of  glass,  in  the  y?ar  18H.  The  patent 
he  obtained  for  it  de«cribed  it  m  a  new 
of    Jl'^     11'    is   comcled   bv    •T*'p^  inslniment  "for  creating  and 

leofeo^  2MhefiSlbeingindined  ^!±^  ^L'"** 'T^'^^K plale.  mcLned 
-ease  the  dispenaon;  H  wiU  be  '^.^"t  °^"  f  ""^  ^"^'^  *^'  "^ 
(hat  the  dis^ion  by  this  ar-  ^^^'"'^  ,P"*  "^  »  ^'^  <■>■■  of^SeO".) 
lent  ^ill  be  i^ased. To  (hat  the  I^Z^^^J^J^fi  ^^^  V**  .^ 
rwill  be  considerably  refracted  5^.^?  "'^^""^'^'^"'c,""'^ 
»  Uie  axis  oaby  th«   prisniA.    P"^'"^;.   "   »'»»"''  ">  J*' 83.   whert 

emei^  colourless  at  E,  From 
7  curious  circumstance  of  pro. 
refraction  without  colour  by  two 

of  the  tame  lubilanee.  Dr. 
pr  has  proposed  the  construction 
^-glasses  on  the  same  principle, 
ch  he  slates  that  the  sphencal 
inn  of  the  two  might  more  ae- 
f  be  corrected  by  employing  the 
hown  in  section,  J!g.  8"      "  ■" "  " 


1  with  the  prism 
lens  A  is  piano- 
.    but    probably    i 
t  form  would  he    I 
X  meniscus,  with 
vex  side  turned 


,-  t,    --  e  the  two  reflecting  planes  in- 

,  where  clined  at  an  angle  of  60°,  or  the  sixth 
of  a  circle ;  at  the  end  c  are  placed  the 
objects,  and  the  eye  is  stationed  at  the 
olher  end  :  these  two  plates  are  usualhr 
enclosed  in  a  tube,  and  the  objects,  con- 
sisting of  pieces  of  coloured  glass,  beads. 
Sec.,  are  loosely  confined  l>etween  two 
circutar  pieces  of  common  glass,  the 
outer  of  which  is  usually  grejfed,  to 
make  the  light  uniform.  In  order  to 
^_  girethe  picture  varied  outlines,  threadi 

1  Signer  Amid  has  very  recenl^  of  coloured  glass  spun  or  twisted  maybe 
cted  a  combination  of  prisms  of  tnixed  with  the  pieces,  being  flrxt  formed 
ae  glass  on  this  principle,  in  into  cireles,  ellipses,  looped  curves  Uke 
Ik  chromatic  aberration  is  cor-  the  figure  8,  curves  like  3,  or  smrals  like 
uid  a  power  of  about  3  times  the  letter  S.  On  looking  down  the 
1.  This  plan  is  peculiarly  well  tube,  through  a  small  hole  placed  near 
jr  optrarfflatiei,  M  the  cluster  themeetingof  the  plates,  a  beautiful  cir  ■ 
srequires  no  adjustment  of  focus  cular  figure  will  be  seen  having  six  an- 
lifierentdistancrof  the  objects,  a  gles,  the  plates  being  inclined  the  1th 
and  near  one  being  seen  at  the  of  a  circle ;  if  incUned  the  ^,  ,^,  8ec. 
ne  with  equal  distinctness  ;  in-  twelve  or  twenty  will  be  seen :  these 
does  not  possess  a  focus  properly  Iwautiful  forms,  by  slightly  turning  the 
I,  adesideratumof  great  im]>ort-  tube,  will  be  changed,  Iiy  which  an  al- 
ibis class  of  instruments ;  it  is,  most  infinite  variety  of  patterns  may  be 
e.superiortotheminthisrespect    produced.t 

i's  teinoscope  consists  of  fotu  (112.)  In  order  to  make  this  initru- 
igular  prisms,  having  their  re-  ment  capable  of  taking  in  distant  ob 
angles  different  and  connected  jects,  in  the  same  manner  as  a  tele- 
;  the  two  pairs  being  similar,  scope,  a  convex  lens  or  object-glaai 
:xt  the  eye  or  the  first  pair  are  fix^  to  a  tulw  sliding  for  adjustment  on 
and  the  second  pair  fiorizontal,  the  inner  tube  containing  the  reftectorm 
>qual  refraction  is  [n^ueed  in  should  be  annexed ;  by  this  meani  an 
rection.  The  distance  between  inverted  image  of  any  distant  object 
ir  is  about  an  inch  and  a  half.t  may  be  formed  at  the  ends  of  the  rc- 
ftectors,  as  shown  in  Jig.  84,  where  o 

ibc  iCcorr  al  iku  liMrmwat,  M*  MI  IVm- 


nychftila  Btim.  UL  Om 


lu*  «  Urtia,  p.  !>,  «! 


56 


OPTICAL  INSTRUMENTS. 


Fig.  84. 


>•<:: 


is  the  object,  cthe  lens,  and  i  the  imaf:e 
formed  with  it.  In  this  manner  it  has 
been  employed  for  producing  beautiful 
combinations  of  flowerSf  ireeSt  animals, 
&c.  When  the  lengths  of  the  reflecting 
planes  are  less  than  the  distance  of  dis- 
tinct vision,  a  convex  lens  whose  focus  is 
the  length  of  the  plates  should  l>e  at- 
tached to  the  eye-end  of  the  tube.  In 
this  way  polished  speculums  may  be 
used,  by  which  the  brilliancy  of  the  oic- 
ture  is  increased,  as  less  light  will  be  lost 
by  reflection.  Dr.  Brewster  has  found, 
that  in  order  to  produce  perfectly  beau- 
tiful and  symmetrical  forms,  the  follow- 
ing three  conditions  are  necessary. 

1.  That  the  reflectors  should  be 
placed  at  an  angle  which  is  an  ecen  or 
an  odd  aliquot  part  of  a  circle,  when  the 
object  was  regular,  and  similariy  situ- 
ated with  respect  to  both  the  mirrors, 
or  an  even  aliquot  part  of  a  circle,  when 
the  object  was  irr^dar. 

2.  That  out  of  an  inflnite  number  of 
positions  for  the  object  both  within  and 
without  the  reflectors,  there  was  only  one 
position  where  perfect  symmetry  could  be 
obtained,  namely,  by  placing  the  object 
in  contact  with  the  ends  of  the  reflectors. 

3.  That  out  of  an  inflnite  number  of 
jjositions  for  the  situation  of  the  eye 
there  was  only  one  where  the  symmetry 
was  perfect ;  namely,  as  near  as  possi- 
l)le  to  the  angular  point,  so  that  the 
whole  of  the  circular  field  could  be  dis- 
tinctly seen;  and  that  this  point  was  the 
only  one  out  of  an  infinite  numl)er  at 
which  the  uniformity  of  the  reflected 
light  was  a  maximum. 

Chapter  XVlL-^Micromeiers. 

(113.)  Thk  micrometer  is  an  instru- 
ment usually  applied  to  telescopes  and 
microscopes,  for  the  purjiose  of  mea- 
suring minute  bodies  or  small  angles 
subtended  by  bodies  at  a  remote  dis- 
tance, by  which  their  real  magnitude  is 
obtained.  By  the  modern  introduction 
of  this  instrument  for  the  use  of  the 
astronomer,  and  the  improvement  of 
the  telescope,  may  be  attributed  our  ac- 
curate and  extensive  acquaintance  with 
the  universe  of  matter ;  while  from  the 
perfection  to  which  the  microscope  has 
recently  been  brought,  an  equal  ac- 
quaintance with  the  minute  oi]^anization 
of  bodies  may  be  expected.  By  the  ap- 
plication of  tiie  micrometer  to  tliis  latter 


instrument  the  power  of  the  naturalist 
is  materially  extended ;  white  the  micro- 
meter is  of  the  utmost  value,  for  trigo- 
nometrical surveys,  and  in  militaiy  or 
naval  operations. 

(1 14.)  The  commofi  wire  micrometer ^ 
usually  attached  to  tlic  eye-pieces  of 
telescopes,  is  shown  at  Jig,  85  :  it  con- 

A  />;?.  85. 


sists  of  a  brass  rectangular  box  a  a,  the 
upper  and  lower  plate  having  an  open- 
ing in  the  centre,  (but  in  the  figure  Doth 
are  removed ;)  this  box  is  made  to  slide 
along  an  opening  cut  in  the  tube  of  the 
eye-piece  of  the  telescope  at  right  angles 
to  its  axis,  so  that  the  wires  c  e  may  be 
in  the  field  of  view ;  these  wires  are 
fixed  to  the  forks  t  n,  moveable  in  each 
other  by  the  screws  t  and  n,  connected 
to  the  micrometer  heads  hh:  Uiere  is 
also  another  fixed  wire  at  right  angles 
to  the  two  former  from  c  to  e.  To  mea- 
sure any  small  angular  distance  with 
this  instrument,  as  the  diameter  of  a 
planet,  the  two  parallel  wires  are  made 
to  approach  or  recede  fit)m  each  other 
by  turning  the  screw-heads  A  A  till  the 
body  to  l)e  measured  is  exactly  enclosed  by 
them,  while  the  longitudinal  wire  crosses 
the  centre  of  the  boily.  Having  thus  ac- 
curately measured  the  planet  by  the  two 
cross  wires,  we  must  next  ascertain  their 
distance  asunder,  in  the  manner  following: 
suppose  there  are  50  threads  of  the  screw 
to  an  inch,  and  that  the  heads  are  di- 
vided each  into  1 00  equal  parts ;  now 
one  of  the  screws  is  to  be  turned  till 
one  of  the  wires  is  brought  into  accurate 
contact  with  the  other,  when  the  num- 
ber of  turns  and  divisions  requisite  to 
effect  this  purpose  will  give  the  dia- 
meter of  the  planet,  each  division  being 
equal  to  lictli  of  an  inch.  But  if  we 
are  desirous  of  determining  in  seconds, 
or  parts  of  a  degree,  it  is  found  by  pre- 
viously measuring  a  known  base,  or  by 
ascertaining  the  time  an  equatorial  star 
takes  in  passing  from  one  wire  to  the 
other,  and  from  thence  deducing  the 
seconds  or  parts  of  a  second  agreeing 
with  each  revolution  of  the  screw-head. 
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The  essential  requisite  in  this  micro- 
meter is,  that  the  wires  be  perfectly 
[)aralleU  and  that  there  be  no  shake  in 
the  forks  that  carry  them. 

(115.)  The  mtcrometrical  telescope 
of  Dr.  Brewster,  (J  40)  for  measuring 
distances,  may  be  employed  for  deter- 
mining the  diameters  of  bodies  by  having 
two  parallel  wires  fixed  across  the  field 
of  view  in  the  focus  of  the  eye-glass ; 
these  wires  being  immoveable  will  not  be 
liable  to  any  inaccuracies  in  the  screws, 
or  from  the  uncertainty  of  obtaining  a 
correct  zero.  The  manner  of  using  it 
is  thus:  suppose  the  inner  moyeaole 
object-class  to  l)e  in  the  focal  point  of 
the  principal  one,  and  that  the  wires, by 
experiment,  exactly  take  in  an  object  of 
known  magnitude,  this  will  be  the 
minimum  angle  capable  of  leing  mea- 
sured with  it.  But  when  we  have  a  lareer 
object  than  can  be  enclosed  within  the 
wires,  the  inner  object-^lass  must  be 
broutrht  nearer  the  principal  one,  thus 
reducing  the  power  of  the  telescope 
by  shortening  its  focus,  so  that  the  angle 
between  the  wire  will  be  increased  to 
admit  the  object  to  be  measured ;  and  as 
by  the  laws  of  optics  it  is  known  that 
when  the  two  object-glasses  are  in  con- 
tact the  focus  is  shortest,  so  the  angle 
between  the  wires  will  then  be  a  maxi- 
mum.  Hence,  any  angle  between  these 
two  points  ascertained  by  experiment, 
may  ue  determined  by  divisions  regis- 
lerevi  along  the  tul)e. 

(lie.)  The  preceding  principle  of  a 
micrometer  may  be  applied  to  the  Gre- 
gorian or  Cassagranian  telescope,  with- 
out any  additional  apparatus ;  for  the 
magnifying  powers  of  either  of  these 
instruments  may  be  vailed  by  altering 
the  distance  between  the  large  metal 
and  the  eye-piece,  and  then  adjusting 
for  distinct  vision  by  the  little  metal. 
In  this  way  Dr.  Brewster  proposed  to 
determine  the  angle  subtended  by  any 
object,  having  experimentally  formed 
the  scale  for  adjustment. 

(117.)  Fibres  for  micrometers,— A^et 
the  contact  of  brass  plates,  employed  by 
Huygens,  for  micrometers  was  discon- 
tinued, silver  wire,  hairs,  and  spiders' 
trebs  were  introduced  ;  the  former,  how- 
ever, till  latterly,  could  not  be  produced 
finer  than  ibth  of  an  inch  diameter  in 
this  country,  which,  consequently,  led  to 
the  choice  of  the  other  fibres.  But,  by 
the  ingenuity  of  Dr.  Wollaston,  wire  can 
now  be  obtained  of  only  the  «Aeth  of 
an  inch  in  diameter :  this  he  effects  by 
havinj^  afine  platina  wire  thickly  coated 
with  silver,  wnich  is  drawn  out  as  fine 


as  possible  in  the  usual  manner,  through 
steel  or  jewelled  holes,  and  then,  by 
finally  immersing  this  wire  in  an  acid 
that  will  dissolve  the  silver  and  not  the 
platina,  he  obtains  a  perfect  wire  of  any 
fineness  that  maybe  required. 

(118.)  The  spider's  web  was  first 
successfully  employed  for  micrometers 
by  Mr.  E.  Troughton,  who  used  the 
stretcher,  or  the  long  line  which  sup- 
ports the  web,  for  Uiis  purpose,  ths 
others  being  too  weak.  He  found  thie 
tliread  to  possess  the  valuable  proper 
ties  of  fineness,  opacity,  and  elasticity.* 
But  the  difficulty  of  procuring  this  par- 
ticular thread  has  led  to  other  contriv- 
ances in  its  stead. 

(119.)  The  micrometer  threads  of 
Dr.  Goring,  which  have  been  termed 
artificial  cobwebs,  were  introduced  by 
him  to  obviate  the  easy  destruction  of 
the  natural  ones  when  kept  for  any 
length  of  time,  and  from  the  difficulty  of 
procuring  tliose  of  the  proper  kind. 
These  threads  are  formed  from  a  thick 
solution  of  gum  caoutchouc  in  oil  of  tur- 
pentine, and  by  not  employing  in  their 
formation  a  heat  greater  than  that  of 
the  human  body ;  after  the  threads  are 
drawn  out,  the  essential  oil  evaporates, 
and  leaves  the  Indian  rubber  in  the 
same  state  as  at  first.t  The  cobwebs 
made  in  this  manner  are  not  liable  to  in- 
jury  by  keeping,  like  the  ordinary  ones, 
while  tney  possess  the  essential  proper- 
ties of  opacity,  fineness,  parallelism,  and 
elasticity,  and  are  far  superior  to  them 
in  strength. 

( 120.)  The  divided  object-glass  micro- 
meter is  composed  of  two  semilenses 
«»  c>  (fig'  86  J  these  act  as  two  distinct 

Fig.  86. 


object-glasses,  each  producing  an  image 
of  the  same  object,  and  in  order  that 
their  foci  shall  be  of  the  same  length, 
they  are  made  by  dividing  a  circular 

*  This  qaality  is  lost  by  keeping. 

t  It  should  be  obxerviHl,  that  the  iDiIian  rnbljer 
•olation  must  not  be  kept  in  any  vessel  from  whirh 
the  air  is  entirely  excludtd,  whereby  the  nlow  eviir 
poration  of  the  ewential  oil  is  prevented,  as  this 
conxeqnfnce  will  decompoxe  orrhanRe  it»  nature,  so 
thiftt  when  drawn  out  into  threads  it  remains  in  «v 
clammy  sUte  and  will  not  drv.  This  remark  eqaaUv 
applies  to  all  its  itnliitions  inr  makin*  wUtr-proof 
kriiclo!!  ITie  soluiion  may  be  coverwd  wilh  a  piece 
ui  v-a>h  leather. 
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lens  across  its  centre.     The  centres  of  When  it  is  required  to  metsore  the 

these  semilenses  are  made  to  separate  an^   subtended   by  two    objects,  as 

more  or  less,  by  means  of  a  screw  at-  O  P,  (fi^  87,^  the  semilenses  are  sepa- 

tached  to  the  plates  in  which  the  lenses  rated  till  the  images  of  both  objects 

are  mounted,  tisbbi  and  the  distance  of  coincide  at  th^  foci  F.    This  beinff  ac- 

their  centres  is  measured  by  a  scale  and  complished,  the  angular  distance  of  the 

vernier.  two  lenses,  reckonmg  the  vertex  at  £, 
o                                  F^.  87. 


their  focal  distance  will  be  equal  to  the 
real  angle  subtended  by  the  t^vo  objects 
at  F,  or  at  the  place  of  the  object- 
glasses,  (the  real  distance,  of  a  F  or  c  F 
being  very  small  in  comparison  to  the 
distance  of  the  objects  O  P  from  the 
object-glasses  :)  to .  find,  therefore,  the 
angle  of  the  semilenses,  we  have  the 
sides  a  c  (t.  e.  the  distance  of  the  two  cen- 
tres) and  e  F  their  focal  distance,  which 
are  a^l  the  data  necessary  to  determine 
it  trigonometrically.  But  as  the  angle 
in  practice  is  usually  very  small,  it  may 
with  little  error  be  considered  simply  as 
the  subtense  a  c,  having  experimentally 
determined  the  distance  of  the  semi- 
lenses corresponding  to  two  objects 
making  a  known  angle  with  each  other, 
*  when  by  simple  proportion  the  angle  for 
any  other  distance  may  be  found. 

(121.)  The  improvements  that  have 
been  made  on  this  divided  object-^lass 
micrometer  by  Dr.  Brewster,  consist  in 
having  the  centres  of  the  two  semilenses 
at  a  fixed  distance  from  each  other, 
and  by  employing  another  object-glass 
in  the  ordinarj'  manner  :  to  produce 
tlie  requisite  variation  of  angle,  the 
fixed  semilenses  are  made  to  traverse 
along  the  axis  of  the  telescope  between 
the  other  object-glass  and  the  eye- 
piece, thus  producing  a  change  in  the 
magnifying  power  of  the  instrument ; 
and  by  means  of  a  divided  scale  along 
the  tube,  showing  the  distance  of  the 
semilenses  fi^m  the  principal  object- 
glass,  the  angle  is  ascertained. 

(122.)  The  principle  of  the  divided 
object-glass  micrometer  has  been  ap- 
plied to  the  microscope,  for  the  purpose 
of  measuring  the  diameters  of  various 
fibres,  and  from  thence  determining  the 

auality  and  value  of  the  material  for 
le  manufacture  of  different  articles ; 
its  principal  application  has  been  in  the 
measurement  of  wool,  from  which  it  is 
called  an  eri^mieter,     Th?  instrument 


consists  of  a  compound  microscope, 
either  refracting  or  reflecting,  having 
two  semi-concave  lenses  capable  of  ad- 
justment by  screws  and  a  vernier's  scale ; 
this  apparatus  is  fixed  between  the  ob- 
ject and  object-glass  or  metal,  and  the 
measurement  of  the  fibre,  by  the  contact 
of  its  two  images,  is  effected  in  the  same 
manner  as  in  a  telescope.  . 

(123.)  Tlu  mother-of-pearl  micrmne- 
ter,  invented  by  Mr.  T.  Cavallo,  and 
described  ly  him  in  the  Phil,  TrmuAor 
1791,  has,  m)m  its  simplicity,  been  very 
extensively  employed  in  practicaJ  astro* 
nomy,  ana  is  indeed  admirably  suited  for 
measuring  any  small  angle  with  expedi- 
tion. The  strip  of  pearl  used  for  this  pur- 
pose is  minutely  divided,  and  stretched 
across  the  diaphragm,  or  stop,  usually 
placed  in  the  anterior  focus  of  the  eye- 
glass, either  of  a  telescope  or  compound 
microscope ;  so  that  the  divisions  may 
be  distinctly  seen  by  the  eye  at  the  same 
time  as  the  object.  When  we  are  desi- 
rous to  meaaiu^  an  object  with  the 
former  instrument,  any  given  number 
of  equal  divisions  on  the  pearl  corre- 
sponding to  a  known  angle  is  first 
determined  by  experiment ;  then,  on 
looking  throiigh  the  telescope  at  the 
object  to  be  measured,  and  counting  the 
number  of  divisions  the  diameter  of 
the  object  occupies,  the  angle  it  sub- 
tends is  determined  from  the  proportion 
of  that  number  to  the  number  answer- 
ing to  the  known  angle.  When  this 
micrometer  is  applied  to  the  com- 
pound microscope,  in  order  to  ascertain 
the  magnitude  of  any  minute  object,  the 
strip  of  pearl  is  stretched  across  the 
field-bar  of  the  instrument ;  it  is  then 
brought  in  the  direction  of  the  length  of 
the  object  to  be  measured,  by  turning 
the  tube  of  the  eye-piece  till  they  coin- 
cide. Then,  if  we  suppose  the  number 
of  divisions  on  the  pearl  dynameter  to 
be  100  in  the  space  of  an  inch,  and  the 
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p«rt  to  be  neunKd  is  found  to  occupy 
two  of  these  divisions,  to  determine  ils 
real  siie'we  must  ascertain  bow  much  the 
object  ha*  been  amplified  by  the  ohiect 
and  field  (classes.  But  if  no  field  fens 
is  employed,  the  power  will  be  as  the 
distance  of  the  ODJed-Klass  from  the 
imaee,  divided  by  the  distance  of  the  ob- 
ject &om  that  (tIbss.  As  inaccuracies  are 
however  liable  to  occur  in  these  mea- 
sures, the  best  practical  manner  (which 


determine  the  increase  in  ma^itude 
by  usinR  another  scale  of  very  fine  divi- 
sions in  place  of  an  object;  knowing  how 
many  there  are  in  an  inch,  and  ascer- 
liiinin;;  the  number  of  divisions  on  the 
one  employed  as  an  object  that  are  etjual 
to  any  number  of  the  equal  divisions 
on  the  pearl  dtTianieteT  across  the  field- 
iMir,  bv  dividing  Ihe  one  number  by 
the  other,  the  amplifying  power  will 
l>e  obtained.  Example.  Suppose  the 
divisions  on  the  scale  (used  as  an  object) 
be  lOOU  in  the  space  of  an  inch,  and 
one  of  such  divisions  is  magnified  so 
aa  exactly  to  cover  one  of  the  divisions 
on  Ihe  pearl,  which  are  ,i,th  of  an 
inch,  it  is  evident  the  scale,  or  an 
object  placed  in  its  stead,  is  magni- 
fied lU  times.  Hence  we  know  tliat 
as  the  object  we  proposed  to  mea- 
■itre  o(x:iipies  two  divisions,  it  is  iiViths 
of  an  inch  lung ;  each  division  on  the 
pearl  being  equal  to  the  -rVinth  of  an 
inch  on  an  object  placed  in  the  focus  of 
the  object-glass.  In  using  the  micro- 
meter, the  power  of  the  eye-glass  is  not 
reijuired  to  be  known,  as  the  divisions 
on  the  dynameter  are  mapiified  in  the 
same  ratio  by  it  as  the  object. 

(1 24.)  Ctrculitr  micrometer*.  The 
micrometer  last  described,  as  stretched 
across  the  field-bar  for  many  astrono- 
mical purposes,  is  found  objectionable 
from  the  three  following  drcumstances. 
First,  the  central  rays  from  the  object  are 
obstructed  by  the  pearl,  which  likewise 
divides  it  into  two  portions.  Secondly, 
the  situation  of  the  central  portion  of  the 
pearl  being  nearer  the  eye-lens  than  the 
other  parts,  the  various  portions  will 
be  unequally  mapiified,  although  the 
pearl  is  really  divided  into  equal  parts; 
and  therefore  the  measurements  are  in- 
accurate, unless  taken  from  one  parti- 
cular pajl.  Thirdly,  the  edge  of  the 
micrometer  always  requires  to  be  in  the 
direction  of  the  parts  to  be  measured : 
for  this  purpose,  it  is  necessary  always 
to  turn  the  eje-jriece  to  bring  it  in  the 
proper  direction ;  this,  undoubtedly,  is  a 


loM  of  time,  besides  the  liability  of  dis- 
arranging uie  instrument  for  distinct 
vision.  Having  thus  stated  the  defects 
of  that  micrometer,  it  is  only  necessary 
to  mention  that  1be  circular  micro- 
meter is  entirely  free  from  these  evils  ; 
for  the  central  space  being  clear,  the 
rays  are  not  obstructed,  while  Ihe  divi- 
sions are  all  equally  magnified,  and  the 
object  can  be  measurM  with  e^ua] 
facility  and  accuracy  in  any  direchon : 
indeed,  the  advantage  of  employing  this 
instniment  is  so  great,  that  vre  need 
only  mention  that  the  orbits  of  three  out 
of  the  four  new  minorplanets  were  de- 
terminedby  a  circular  micrometer  alone. 
(125.)  The  circular  pearl  micronuter 
waa  invented  by  Dr.  Brewster,  and  con- 
sists of  an  annular  portion  of  mother- 
of-pearl,  a.  I,  r./^.  6S,)  fixed  on  its 


outer  edge  to  the  diaphragm  i^,  i^.  at 


the  end  of  a  piece  of  brass  tulie, 
which  is  capable  of  being  adjusteil 
exactly  to  the  anterior  focus  of  the  eye- 


circumference  of  the 
divided  into  360  eq^ual  parts  or  ifegrees; 
and  when  this  micrometer  is  thus  ad- 
justed for  use,  the  maximum  angle  must 
bedetermined  experimentally :  this  angle 
vtill  be  subtended  by  Ihe  inner  diameter 
ofthe  pearl  a,  c,  i.  Now,  it  we  suppose 
this  angle,  by  observation,  to  l>e  tiPO 
dtsrces,  we  shall  be  able  to  find  the 
value  of  the  angle  any  other  object 
subtends  in  any  direction  less  than  2° ; 
thus,  let  the  object  be  represented  by 
Ihe  Ime  e,  which,  by  inspection,  is  found 
to  occupy  sixty  divisions ;  bisect  the 
angle  the  otiject  e  subtends,  and  it  will 
be  equal  to  the  sine  of  half  the  angle 
act:  or  the  anxle  which  this  object 
subtends  is  equal  to  tviice  the  sine  of 
half  the  angle,  a  c  being  the  radius  ;  so 
that  the  object  «  subleods  half  the 
maximum  angle,  or  one  d^rte.  In 
tills  manner,  tngonometrically,  might  be 
found  the  an^   answering    to  every 
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division,  which  should  be  formed  into  a 
table;  and  thus  it  would  be  given  by 
inspection. 

(126.)  The  circular  suspended  micrO' 
meter  is  an  instrument,  simple  in  its 
construction,  and  admitting  ot  extreme 
accuracy  in  its  execution  ;  it  is  less 
subject  to  injury,  while  it  possesses 
many  advantages  over  others  m  its  ap- 
^cation  to  astronomical  observations. 
This  micrometer  was  invented  by  the 
late  M.  Fraunhofer,  and  consists  of 
a  circular  disc  of  parallel  plate  glass 
Of  (Jg'  89,)  having  in  its  centre  a 
small  circular  hole  of  about  ?uil/  an  inch 
diameter,  and  turned  very  true  in  a 
lathe;  to  the  inner  edge  of  this  circle  a 
narrow  ring  of  steel  c  is  securely  fast- 
ened,  when  its  inner  edge  is   turned 

Fi^r,  89. 


perfectly  circular,  and  reduced  very  thin. 
The  glass  plate,  with  its  steel  nng,  is 
then  mounted  in  a  brass  tube  or  setting 
d,  d,  by  means  of  which  it  can  be  ad- 
justed to  the  focus  of  the  eye-glass, 
(similar  to  the  last  micrometer.)    This 
micrometer,  when  viewed  in  the  tele- 
scope, appears  like  a  narrow  ring  sus- 
pended in  the  heavens,  from  whence  it 
derives  its  name.    Tlie  chief  advanta&:e 
in  this  instrument  is  the  accuracy  by 
which  the  moment  of  ingress  and  egress 
of  a  planet  or  star  is  determined ;  for 
the  body  being  seen  in  the  field  of  view 
through  the  glass  plate,  before  it  comes 
to  the  inner  edge  of  the  steel  ring,  allows 
the  precise  moment  of  contact  to  t)e  very 
readily  observed.    The  angle  subtended 
by  the  ring  must  be  found  in  the  same 
manner  as  with  the  other  micrometers ; 
or  by  noting  the  time  an  equatorial  star 
passes  when  near  the  meridian,  and  de- 
ducing therefrom  the  angle  which  the 
inner  edge  of  the  ring  subtends.   The  ve- 
locity of  a  planet  may  be  determined  in 
the  same  manner  while  near  the  meridian ; 
or  the  difference  of  the  time  occupied  by 
a  star  and  the  planet  passing  together, 
would  determine  the    motion    of  the 
latter,  making  proper  allowance  when 
crossing  above  or  lielow  the  centre. 
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THE  THERMOMETER  AND  PYROMETER. 


The  ancients  were  unacquainted  with  general  term  thermometer  to  the  m< 

aiiy    more  certain  mode   of  marking  struments  depending    on   the   expan- 

the  variations    of  temperature,    than  sions  of  aeriform   and  liquid  bodies* 

the  indications  of  the  senses,  and  the  and  pyrometer  to  those  in  which  the 

limited  knowled>i;e  derived    from    ob-  expansion  of  solids  is  the  measure  of 

serving  the  melting  or  combustion  of  the  elevation  of  temperature ;  and  the 

different  substances.   In  modem  times,  subject  will  be  treated  under  the  fol- 

instruments  have    been    invented  for  lowing  heads, 

noting  variable  de^ees  of  heat  and  ^    Of  the  common  Thermometer.  • 

cold,  which,  under  the  designation  of  ,    ta   u-  ^           i         a      *• 

thermometers,    or    thermoetSpes,    py-  1.  Its  history  and  construction. 

rometers,  or  pyroscopes,   b^  noWln  2.  The  precautions  necessaiy  in  its 

general  use  in  every  part  of  the  civi-  construction  and  graduation. 

Rzed  world.    Their  names  are  derived  H-  Of  the  Pyrometer, 

from  the  Greek  terms  it^fice,  wv^,  sig-  III.  Of  Register  Thermometers, 

nifying  A«i/,  yfrc,  and  ^ir^w,  w»99rt,  a  IV.  Of  the  Differential  Thermometer, 

measure,  an  investigator.  and  its  modifications. 

The  principle  on  which  all  such  in-  y.   Of  some  peculiar  applications  of 

struments  are  constructed,  is  the  change  ^^^  Thermometer. 

of  bulk  which  every  body  undergoes  by  yj.  Of  the  imperfections  common  to 

alteration  of  its  tempercUure.  ^  instrument  for  the  indication  of 

All  homogeneous  bodies,  except  wa-  j^    x 
ter,  within  a  few  degrees  of  its  freezing 

point,  expand  by  heat  and  contract  by  n              i 

cold.*     Their   expansion,  then,    may  Chapter  I. 

afford  a  relative  measure  of  the  in-  ^.^  ^^^^^  Thermometer. 

crease    of    temperature ;     and    their  •' 

contraction,   of   its  diminution.    This  §  1.  History  and  Construction  of  the 

law  holds  good  in  gases,  hquids,  and  Thermometer. 

solids ;  and,  accordingly,  matter  in  those  Thb  invention  of  the  thermometer,  like 

three  states  of  existence  has  been  em-  almost  every  other  discovery  of  great 

ployed  in  the  construction  of  instru-  utility,  has  been  claimed  for  ditterent 

ments  for  measuring  the  intensity  of  philosophers ;  and  naUonal  vanity  has 

heat  and  cold.  occasionally    bc«n    enlisted    in    sup- 

The  changes  of  volume  which  gases  p^rt  of  the  pretensions  of  rival  claim- 

or  amform  bodies  undergo,  were  first  ^nts.    There  seem,  however,  but  two 

employed  for    this    purpose;    liquids,  ^hose  titles  are  worthy  of  notice, 

such  as  spirit  of  wine,  oils,  or  mercury  x^e  Italian  writers  generally  give  the 

were    next    used ;     and    lastly,    the  honour  to  their  countryman  Santorio 

changes  in  the  bulk  of  solids  were  ap-  Santorio,  long  a  physician  at  Venice, 

plied   to    measure    the    variations    of  ^nd  afterwards  a  professor  at  Padua, 

higher  temperatures,  which  would  have  ^ho  flourished  about  the  beginning  of 

too  much  expanded  gaseous  and  liquid  the  seventeenth  century  ;  and  who  had 

^>odies.  obtained  just  celebrity  by  his  discovery 

The  designation  of  thermoscope  or  ^f  the  insensible  perspiration  of  the 

pyroscope  might  be,  with  most  pro-  animal  frame :  the  Dutch  philosophers 

priety,  appUed  to  such  instruments;  as  unhesitatingly  ascribe  it  to  CoiwitW 

but,  m  conformity  to  common  usage,  it  j)rebbel,  a  physician  of  AJkmaar,  who 

is  proposed  in  this  treatise  to  apply  the  appe»s  to  have  enjoyed  a  high  reputa- 

"ZZi            ;           II     :     r~r     Z    I"  tion  as  a  chemist,  a  mathematician^ 

.J^TtSiaSSSSSb:'"'''""''^"  «Ki«.myentiveinech«iical  genius. 
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Santorio  expressly  claims  the  inven- 
tion as  his  own,*  and  he  is  supported 
byBorellit  and  Malpighi;^  the  title 
of  Drebbel  is  considered  as  undoubted 
by  Boerhaave  ^  and  Musschenbrock.|| 
It  would  now  be  difficult,  perhaps,  to 
decide  the  controversy ;  but  it  is  worthy 
of  remark,  that  Santorio,  who  was  bom 
in  1561,  and  died  in  1636,^  did  not 
pubhsh  his  claim  to  the  invention  till 
1626;**  and,  although  thermometers 
are  dluded  to  by  Robert  Flud,  within 
the  first  quarter  of  that  century,  yet 
as  he  travelled  both  in  Grermany  and 
Italy  for  six  years,  we  can  draw  no 
inference  from  that  circumstance.  Cer- 
tain it  is,  that  thermometers  were  con- 
structed about  the  same  time,  both  in 
Italy,  and  in  Holland,  on  the  same  prin- 
ciple ;  and  though  tiie  instruments  of 
Drebbel  were  well  known  in  Holland 
and  England,  before  the  fame  of  San- 
torio appears  to  have  reached  the 
North- West  of  Europe,  the  most  re- 
cent writers  have  generally  considered 
the  latter  as  the  real  inventor  of  the 
thermometer.  It  is,  however,  by  no 
means  improbable  that  each  may  be 
justly  entitled  to  tlie  merit  of  a  dis- 
coverer. 

Be  this  as  it  may,  the  instrument 
was,  from  its  imperfect  construction, 
of  little  use  in  the  hands  of  either,  and 
required  the  successive  labours  of  dif- 
ferent philosophers  to  render  it  a  tole- 
rably accurate  indicator  of  the  varia- 
tions of  temperature. 

The  thermometer  ascribed  to  San- 
torio and  to  Drebbel,  is  pre-  p-     , 
cisely  the  same  in  form  and     ^* 
principle.   It  consists  of  a  glass 
tube,  with  a  ball  blown  on  one 
of  its  extremities  A.  {fifr,  i,) 
and    having    the    other    end 
open.    A  portion  of  the  air  in         Ij 
the  ball  is  expelled  by  heat, 
and  then  the  open  end  of  the 
tube  is  immersed  in  any  liquid 
contained  in  the  cup  c.    As  the 
ball   cools,  the  included    air 
diminishes  in  volume,  and  the 
liquid  is  forced  into  the  stem, 
as  at  6,   by  the  pressure  of 
the  atmosphere,   until  it  re- 
places the  volume  of  air  which   was 


expelled  by  the  heat  When  a 
heated  body  is  applied  to  the  ball  A, 
the  air  wiU  again  be  expanded,  and 
depress  the  liquid  in  the  stem ;  and,  if 
this  stem  be  a  cylinder,  a  scale  of  equal 
parts  applied  to  it  will  enable  the  ob- 
server to  form  some  idea  of  the  dif- 
ference between  the  relative  tempei*a- 
ture  of  bodies  applied  to  the  ball.  On 
the  removal  of  the  heated  body,  the 
volume  of  the  included  air  again  di- 
minishes, and  the  liquid  again  rises  in 
the  stem  by  atmospheric  pressure,  un- 
til the  elasticity  of  the  air  within  the 
instrument  is  in  equilibrio  with  that  of 
the  suiTounding  atmosphere.  Instru- 
ments constructed  on  this  principle  are 
termed  cdr  thermometer9 ;  because  their 
action  depends  on  the  elasticity  of  air ; 
and  from  their  having  been  originally 
employed  to  mark  tiie  changes  of  atmo- 
splWic  temperature,  they  are  described 
by  the  older  writers  under  the  name  of 
sveather-gloisei ;  a  denomination  also 
given  to  barometers. 

Drebbel  appears  to  have  devised  a 
variety  of  the  instrument  more  delicate 
in  its  indications.  The  globular  form 
of  the  common  bulb,  and  its  small  size, 
rendered  it  less  susceptible  of  slight 
changes  than  a  flattened  bulb  of  larger 
diameter ;  and  Boerhaave  descrit)es  the 
bulb  of  Drebbei's  thermometer,  as  com- 
posed of  two  shallow  segments  of  large 
spheres,  as  in  Jig.  2.  A,  united  at  their 
edges,  and  in  fig,  2.  B,  where  it  is  seen 
in  profile. 

Fig.  2.  A.  Pig.  2.  B. 


*  Comment,  in  Galea,  et  in  Avicen. 
t  De  Motu  Aniinalium.    Prop,  clxxv. 
%  Opaitcola  Poiith.  p.  30. 
4  Klementft  Chemiae,  torn.  i.  p.  159. 
0  Llem.  Phil.  Nat.  S  780.— Tentam  Exp.  Ac»d 
Cim. 
f  Tinhoschi  Storin,  torn.  riii.  P.  1,323. 
••  CoauneoCBm  in  Aviceanain. 


In  the  obscure,  and  often  almost  un- 
intelligible, writings  of  our  countryman, 
Dr.  Robert  Flud,  published  about  the 
beginning  of  the  seventeenth  century, 
frequent  mention  is  made  of  the  ther- 
mom«.lex,  or,  as  he  calls  it,  speculum 
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Calendarium ;   and  the  common  air  sity  of  adapfti^  some  fixed   Fig,  X 

thermometer  m  repeatedly  figured  in  scale  to  the  tube ;  but  tlieir 

hiHsin^hurifQrktDePhiiosophiaMoy-  attempts  were  not  very  sue- 

siara*  with  its  stem  equally  divided  cessfiu.    They  described  the 

into  an  ascendinc:  and  descendm^  series,  thermometer  as  consisting  of 

each  of  7  deiijees,  respectively  appro-  a  ball  and  tube  of  such  rela- 

priated  to  winter  and  to  sununer.    It  is  tive  size,  '*  that  on  fiUing  it 

olivinus,  that  tlic  size  ef  an  air  thermo-  to  a  certain  mark  of  its  neck 

mi-ter,  on  such  principles,  is  only  limited  with  spirit,  the  cokl  of  snow 

by  convi'iiionce,  and  the  length  of  the  co-  and  ice  will  not  cause  it  to  (aJl 
luinn  of  liquid  wtiich  the  pressure  of    below  20  degrees  measured  on 

thr'  atmosphere  can  sustain  in  the  tube,  the  stem;  nor,  on  the  other 

As  orisrinaliy  made,  they  were  unwieldy,  hand,  the    greatest  heat   of 

they  could  liot  be  applie<l  to  high  tern-  summer  expand  it  more  thaa 

]M>ratiircs,  and  were,  besides,  liable  to  80  degrees."*    Tliis  method 

two  very  important  objections,  as  indir  is  undoubtedly  erroneoua,  in- 

cators  of  tiie  atmospheric  changes  ot  asmuch  as  the  last  point  could 

teniiK*rature. — ^tliey  were  liable  to  be  be  of  no  determmate  tem- 

affectetl  not  only  by  heat  and  cold,  but  perature ;   and  their  method 

by  the  varying  pressure  of  the  atmo-  of  la'aduation    is    in    itself 

spiu're ;    and  the    scales   adapted    to  rather  rude.      The   tube  is 

tlH'm  were  arbitrary,  and  without  fixed  <lirected    to    be   divided   by 

]M)ints  for  the  comparison  of  observa-  compasses  into  ten  equal  parts,  these 

tioiis  made  with  difi'erent  instruments.  divisions  arc  to  be  marked  **  by  a  little 

Tlie  first  objection  was  foreseen  and  button  of  trAi/^  enamel ;  and  these  may 

obviated  by  the  scientific  members  of  be  further  sulKiivided  by  the  eye,  and 

the  Florentine  academy   del  Cimento,  the    intermediate   degrees  marked   by 

assembled  under  the  auspices  and  pa-  buttons  of  glass,  or  of  black  enamel." ' 

tronatre  of  Fernando  II.,  Grand  Duke  This  instrument  was  variously  modi- 

of  Tuscany.    In  the  first  article  in  the  fu'd  by  them  to  suit  different  purposes. 

i)(il>iished  transactions  of  that  learned  The  ball  was  occasionally  enlarged,  and 

>o<ly,f  we  find  a  full  description  and  the  tube  reduced  in  thickness  to  render 

delineation    of    a   thermometer    from  the  instrument  more  sensible ;  and  in 

which    the    influence    of    atmospheric  the  work  already  quoted,  we  find  a 

pressure  is  excluded.    The  expansion  ficnire  of  a  thermometer  of  this  sort, 

of  spirit  of  wine  is  employed  to  ascer-  witli  the  stem  spirally  twisted  to  render 

tain  the   temperature,  instead  cf  the  it   more  portable,    and  lets  liable  to 

dilatation  of  air ;  and  the  instrument  is  accident. 

sealed  hermetically^  as  it  is  termed,  or  Another  invention  of  those  philoso- 

has  its  orifice  closed  by  melting  the  phers  to  indicate  changes  of  tempera- 

^Ittss,  after  the  introduction  of  as  much  ture  may  l)e  here  noticed.    It  consisted 

spirit  as  fills  the  bulb  and  a  portion  of  of  hermetically  sealed  spherules  of  elass, 

the  stem.    The  method  employed  by  of  different  specific  gravities,  introduced 

the  Florentine  academicians  is  nearly  into  a  wide  tube  filled  with  pure  spirit 

that  still  used  by  the  makers  of  the  The  degree  of  the  Florentine  thermome- 

instrument;    namely,   by  heating  the  ter  at  wnich  each  sank  was  noted,  and  by 

bulb  in  the  flame  of  a  lamp,  to  expel  hangin^^  this  instrument  in  an  apart- 

thc  air,  and  then  immersinir  the  open  ment,  it  somewhat  slowly  showed  the 

end  of  the  tube  in  the  liquid  destined  to  variations  of  the  temperature  of  the 

fill  the  thermometer.    As  the  ball  cools,  surrounding  air.f     Imperfect  as  these 

the  atmospheric    pressure   forces   the  attempts  were,  they  pav^  the  wav  to 

liiiuid  into  the  stem  and  ball,  to  supply  very  important  improvements  in  tner- 

the  vacuum :  and  the  oriflce  is  closed  momcters, 

by  melting  with  the  blowpipe  the  end  The  indefatigable  Boyle  i^pears  early 

of  the  tul>e,  from  which  any  excess  of  to  have  turned  his  attention  to  the  im- 

the  liquid  may  be  previously  expelled  provement  of  the  thermometer,  and  his 

by  again  heating  the  ball.  {Fig,  3.)  first  attempts  were  on  the  air  thermo- 

The  Florentine  academicians  appear  meter,  or  the  weather-g^s,  as  it  was 

also  to  have  been  aware  of  the  neces*  ilien  styled    He  rendered  the  instru- 


*  Folio,  Goyd».  U98.  *  ^HT  ^^  ^^^xt^  Esv«i\mi%,  v*  ^ 
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ment  more  eonvenient,  bj  makme  one 
reservoir  for  the  liquid  and  for  tSe  air 
at  tiie  bottom  of  the  tube;  andthusthe 
thermometer  might  be  oomreniently 
dipt  in  a  fluid,  or  applied  to  any  body 
for  aaoertaining  its  temperature.  "The 
thermometer/*  he  says,  "  h&ng  made 
hf  the  insertion  of  a  cylindrical  pipe  of 
glass  (open  at  both  ends)  into  a  phial 
or  bottle,  and  by  exactly  stopping  with 
sealing  wax,  or  very  dose  cement,  the 
mouth  of  the  phial,  that  the  included 
air  may  have  no  communication  with 
the  external,  but  by  the  newly  men- 
tioned pipe/'*  If  a  portion  of  any  liquid 
sufficient  to  cover  the  lower  extremity 
of  the  pipe,  be  contain^  in  the  bottle, 
it  is  obvious,  that  the  expansion  of  the 
enclosed  air  will  elevate  the  included 
liquid  in  the  cylindrical  pipe ;  and  this 
liqilid  will  again  descend  on  the  contrac- 
ma  of  the  enclosed  air  :Jlg.  4, 5.    Mr. 

%  4.         Fig.  5. 


Boyle  likewise  showed  that  no  depend- 
ence could  be  placed  on  the  indications 
of  open  air  thermometers,  under  different 
degrees  of  atmospheric  pressure;  and 
he  states,  that  on  plun^ng  the  bulbs  of 
dififerent  thermometers  m  uquids  of  very 
different  specific  gravities,  as  mercury 
and  water,  the  liquor  in  the  stem  stood 
at  unequal  heights,  though  botli  had 
been  long  exposed  to  the  same  tempera- 
ture. 

The  Florentine  thermometer  was 
about  that  time  introduced  into  Eng- 
land, and  duly  appreciated  by  both 
Boyle  and  Hodke.  The  specimen  seen 
by  these  philosophers  was  filled  with 
colourless  spirit,  but  they  made  use  of 
spirit  of  wine,  tinged  by  cochineal, 
"  of  a  lovely  red ;"  and,  says  Boyle, 
*  *tis  pleasant  to  see  how  many  inches 
a  nuld  degree  of  heat  will  make  the 

•  Works  of  Hoo.  Robert  Boyle,  folio,  roL  ii.  p. 
•47* 


tmebire  ascend  in  the  cylindrical  stem  of 
one  ofthese  useful  instruments.***  Boyle 
was  fiilly  aware  of  the  imperfection  of 
the  scales  hitherto  applied  to  the  ther 
mometer,  and  sought  to  discover  a  re- 
medy. He  proposed  to  obtain  a  fixed 
point  in  the  scale,  by  marking  the  height 
of  tiiie  liquid  in  the  stem  of  the  instru- 
ment, vriien  the  ball  was  placed  in 
thawinff  oil  of  aniseeds;  a  point 
which  he  preferred  to  that  of  thawing 
ice,  because  the  former  could  be  readily 
obtained  at  any  time  of  the  year.  His 
method  of  making  two  or  more  com- 
parable thermometers,  however,  would 
be  found  extremely  difficult,  if  not  im- 
possitde,  in  practice;  it  is  best  ex- 
plained in  his  own  words.  "  For  if  you 
put  such  rectified  spirit  of  wine  into  a 
glass,  the  cavity  of  whose  spherical, 
and  that  of  its  cylindrical  part,  are  as 
near,  as  may  be,  equal  to  corresponding 
cavities  in  the  former  glass,  you  may 

S'  some  heedful  trials,  made  with 
awed  and  recongealed  oil  of  aniseeds, 
bring  the  second  weather-glass  to  l>e 
somewhat  like  the  first;  and  if  you 
know  the  quantity  of  your  spirit  of 
wine,  you  may  easily  enough  make  an 
estimate,  by  tne  place  it  reaches  to  in 
the  neck  of  the  instrument,  whose  eda- 
city you  also  know,  whether  it  expands 
or  contracts  itself  to  the  40th,  the  30th, 
or  the  20th  part,  &c.  of  the  bulk  it  was 
of,  when  the  weather-glass  was  made.*> 
Boyle  mentions  that  an  "ingenioug 
man"J  had  proposed  the  freezing  of 
distilled  water,  as  a  fixed  point  in  the 
scale  of  thermometers ;  but  he  himself 
evidently  gives  the  preference  to  the 
congeahng  point  of  aniseed  oil.  Dr. 
H  alley  proposed  to  regulate  the  scale  by 
the  uniform  temperature  of  such  a  ca- 
vern as  that  uncler  the  Observatory  of 
Paris,  or  the  point  at  which  spirit 
boils;  and  he  also  suggests  the  fixing 
of  the  scale  from  the  Soiling  of  water. 
This  point  he  considered  as  an  invari- 
ably fixed  one,  not  liable  to  alteration 
firom  external  circumstances ;  and  the 
same  idea  was  entertained  by  Amon- 
tons.  With  a  single  point  so  fixed,  tlie 
method  attempted  by  Boyle,  Halley. 
and  Hooke  was  to  calculate  the  pro- 
portion of  the  stem  to  the  ball,  and  thus 
to  determine  the  increase  in  bulk  of  the 
whole  liquid,  by  a  certain  temperature. 
Dr.  Hooke  describes  a  method  of  ob- 
taining this  by  comparing  the  expansions 

*  Works,Tol.u.p.S49.  ^— 

tWorlu,Tol.ii.p.S47. 

t  He  uidosbtwUx  alloded  to  Hooko. 
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of  the  thermometer  to  be  graduated,  early  aware  of  the   inconvenience   of 
with  those  of  the  hquid  in  an  accurately  spint  as  a  thermometric  fluid,  and  em- 
formed  cylinder  of  metal,  two  inches  in  ployed  linseed  oU  to  fill  his  ^ermo- 
diameter  and  depth,  and  having  cement-  meter.    It  has  the  advantage  of  being 
ed  to  its  top  a  glass  pipe,  just  ^9  of  the  able  to  endure  a  very  considerable  tem- 
diameter  of  the  cylinder  :•  measure  off  perature,  without  endangering  the  burst- 
two  inches  of  the  stem,  above  the  cylin-  ing  of  the  tube,  and  therefore  can  be 
der  of  metal,  and  divide  the  space  be-  applied  to  a  higher  range  of  tempera- 
tween  them  into  1 0  equal  parts,  so  that  ture  than  a  spirit  thermometer.    It  has 
each  division  of  the  stem  will  =  j^^^  of  the  disadvantage,  however;  to  be  more 
the  capacity  of  the  cylinder.    The  ther-  sluggish  in  its  movements,  and  to  ad- 
mometer  to  be  graduated  has  the  com-  here  much  to  the  inside  of  the  tube, 
mencement  of  its  scale,  or  0^  fixed  by  while  it  differs  greatly  in  its  fluidity  at 
markinc:  the  point  at  which  the  included  different  temperatures.     Newton  per- 
licjuid  stands  in  the  stem,  when  the  bulb  ceived  the  convenience  of  having  two 
is  plunijed  in  distilled  water  just  begin-  fixed  points  in  the  construction  of  the 
in^  to  freeze ;  and  the  rest  of  the  pro-  scale ;  and  he  used  the  freezing  and  boil- 
cess  he  details  in  these  words.     "  Fill  ing  points  of  water  as  the  most  suitable 
this  cylindrical  vessel  with  the  same  for  this  purpose.*    His  method  of  gra- 
liqiiid  wherewith  the  thermometers  are  duating  nis  oil  thermometer  is  given  in 
filled,  then  place  both  it  and  the  ther-  the  Prindpia,    The  oil,  at  the  tempe- 
inometer  you  arc  to  graduate  in  water  rature  of  melting  snow,  was  supposed  to 
that  is  ready  to  be  frozen,  and  bring  the  consist  of  10,000  equal  parts,  which, 
surface  of  the  liquor  in  the  thermo-  when  heated  to  the  temperature  of  the 
meter  to  the  first  mark,  or  0°;  then  so  human  body,  expanded  to  10,256  ;  at 
proiwrtion  the  liquor  in  the  cylindrical  the  temperature  of  water  strongly  boil- 
vessel,  that  the  surface  of  it  may  just  be  ing  to  10,725  ;  and  at  that  of  tm  be 
at  the  lower  end  of  the  small  glass  ginning  to  congeal,  to  11,51  Q  parts.  In 
cylinder ;  then  very  gently  and  gradu-  the  first  instance  the  ratio  of  expansion 
ally  warm  the  water,  in  which  both  the  is  as  40  to  39  ;  in  the  second  as  15  to 
thermometer  and  the  cylindrical  vessel  14 ;  and  in  the  thu-d  as  15  to  13  nearly, 
stand,  and  as  ^ou  perceive  the  tinged  Hence,  by  taking  the  temperature  of  the 
liquor  to  rise  m  both  stems,  with  the  oil  in  the  ratio  of  the  rarefaction  and 
point  of  a  diamond  give  several  marks  assuming  12  as  the  heat  of  the  human 
on  the  stem   of  the  thermometer,  at  body,  the  temperature  of  water  briskly 
those  places  which,  by  comparing  the  boilmg  will  be  34  degrees,  and  of  con- 
expansion  in  both  stems,  are  found  to  gealing  tin  72  degrees.-t 
correspond  to  the  divisions  of  the  cylin-        Newton  continued  his  scale  of  tem- 
drical  vessel ;  and  having  by  this  means  perature  farther  by  observing  the  rate 
marked  some  few  of  the  divisions  on  of  cooling  of  heated  bodies,  until  he 
the  stem,  it  will  be  very  easy  by  these  could  apply  his  thermometer  to  them, 
to  mark  all  the  rest  of  the  stem,  and  on  the  principle  that  equal  decrements 
accordingly  to  assign  to  every  division  of  temperature    take    place   in   equal 
a  proper  character."t    This  infrenious  times.    It  was  thus  he  estimated  the 
method  is,  however,  more  difficult  in  temperature  of  iron  heated  to  the  utmost 
execution  than  any  one,  unacquainted  intensity  of  a  small  kitchen  fire  equal  to 
with  such  operations,  will  readily  sup-     194  degrees,  and  in  a  fire  of  wood  about 
pose  ;  and  it  presupposes,  what  is  not    200  or  210  degrees  of  the  same  scale, 
easy  to  accomplish,  a  very  perfect  ad-        It  is  perhaps  unfortunate  for  the  phi- 
justment  of  the  metallic  cylinder  and    losophy    of  heat  that    more    sublime 
the  glass  stem  in  the  standard  instrument    and  dazzhn|;;  objects  drew  Newton  to 

Dr.  Hooke  appears  invariably  to  have  other  pursmts.  Though  he  led  the  way 
used  in  his  thermometers  spirit  of  wine  to  just  views  of  the  subject,  neither  he, 
••  highly  tinged  with  the  lovely  colour  of  nor  any  of  his  predecessors,  appear  to 
cochineal,  which  he  deepened  by  pouring  have  been  aware  of  the  influence  of  the 
in  it  some  drops  of  common  spirit  of  vaiying  atmospheric  pressure  on  the 
urine.'*  boiung  points  of  Uquids  ;  nor  do  any  of 

The  sagacity  of  our  illustrious  New-       •  phii.  Ixm^ ' 

ton   saw   the  importance   of  improving         |  *•  Ponendo  ealoris  dei  ipsias,  rarrfaetione  pro- 

thermometers.  6e  appeara  to  have  been    ySl^tSt^^M^S^^'^y!^^ 

•  Microf^phia.  tiam  34,  at  odor  tU^mi  oM  lU{«MOtt  prodost  poolM 

t  If  ierorrapkia,  p.  30.  73.**  Friadp. 
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UMBififlMtoliiiveooiiiiderad  tliit  the 
Tvying  apttuknif  of  fbe  thermome- 
tmliqnidf  at  diffierent  temperatures, 
and  tbe  eipannons  of  the  (j^Uum  of  the 
ingtrameiit,  must  h&ye  mitemUy  af- 
ftelad  efoy  attempt  to  subdivide  the 
tUm  of  the  thermonieter  into  fractional 
naiti  of  the  whole  bulk  of  the  eon- 
wned  liquid. 

One  of  these  questions,  however, 
leems  to  have  about  that  time  eng^aged 
the  attention  of  philosophers,  viz,  whe- 
ther equal  increments  of  temperature 
eaused  equal  expansions  of  the  thermo* 
metric  fluid.  Dr.  Brooke  Taylor  tried 
tbe  eiqperiment  with  an  oil  thermometer, 
bj  mixing  definite  portions  of  hot  and 
oold  water,  and  measuring  the  tempe- 
rature of  ttie  mixture.  His  conclusion 
was  in  the  affirmative,  but  the  delicacy 
of  his  insbiimenti  was  unequal  to  the 
solution  of  this  nice  problem,  although 
he  has  the  merit  of  pomting  out  how  ue 
problem  is  to  be  solved. 

The  eonstaruction  and  uses  of  ther- 
mometers early  engaged  the  attention 
of  the  French  Aeacwnie  det  Sdencei; 
and  several  were  constructed  by  Mr. 
Hubin  for  that  learned  body ;  but  nei- 
ther these,  nor  the  thermometers  |^aced 
in  the  observatonr  of  Paris  by  De  La 
Hire,  appear  to  have  been  graduated 
on  any  nxed  principle.  The  Memoir$ 
of  the  Academy  contain  several  descrip- 
tions of  thermometers,  and  an  account 
of  many  interesting  observations,  with 
these  instruments ;  but  the  first  aJtera- 
tion  in  their  construction  deserving  of 
notice  is  the  air  thermometer  of  Geof- 
firoy,  which  firom  the  short  description 
appears  to  be  an  improvement  on  that 
of  Boyle,  inasmuch  as  it  is  not  affected 

S'  atmospheric  pressure.  He  describes 
e  tube  as  without  any  opening,  except 
one,  which  descends  almost  rig.  6. 
to  the  bottom  of  the  ball, 
and  there  dips  into  a  smsll 
portion  of  coloured  liquid.* 
There  is  no  figure  given 
in  the  original,  and  but  a 
very  rude  one  in  our  Phi- 
lo9ophical  Transactions  y'f 
seemingly  fi'om  the  de- 
scription. It  is  not  stated 
how  the  ball  was  joined  to 
the  tube,  but  it  was  most 
probably  by  cement,  as  re- 
presented inflg,  6. 

M.  Amontons  clearly  saw 


I? 
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the  importaiioe  of  fixed  points  in  the 
thermometric  scale,  and  proposed  to  ob- 
tain tliemfirom  the  boiling  fig,  f. 
point  of  water.*  His 
thermometer  consisted  of 
a  tube  four  feet  in  leneth, 
ending  below  in  a  ball 
bent  upwards,  as  in^.  7, 
and  open  at  the  other  ex- 
tremity. The  measure  of 
the  temperature  was  the 
elasticity  of  a  given  por- 
tidn  of  air  included  in  the 
ball,  and  sutnected  to  a 
pressure  equal  to  two  at" 
mo9phere$f  by  adding  to 
the  usual  atmospheric 
pressure  that  of  a  column  of  mercury  of 
28  Frendi  inches.  Each  half-inch  of 
his  tube  is  therefore  equal  to  one  indi 
under  the  usual  pressure ;  and  hence  at 
a  mean  pressure  of  28  French  inches, 
the  volume  of  the  compressed  air  is 
really  equal  to  56  inches  under  the 
usual  pressure. 

In  passing  firom  the  mean  tempera- 
ture of  a  Parisian  spring  to  the  heat  of 
boiling  water,  Mr.  Ainontons  found  that 
these  56  inches  were  increased  by  one- 
third,  or  18  inches  8  lines,  and  therefore 
he  fixed  the  boiling  point  of  his  scale  at 
56+18,8=74  inches  8  lines.  To  mea- 
sure this  on  Amontons*s  principle  a  tube 
of  47  inches  is  quite  sufficient ;  for  74 
inches  8  lines  minus  28  inches,  the  at- 
mospheric pressure  which  need  not  be 
considered  m  the  len^h  of  the  tube,  is 
equal  to  46  inches  8  lines ;  and,  ind^, 
as  in  Amontons^s  process,  the  compres- 
sion at  high  temperatures  is  rather  more 
than  in  the  duplicate  ratio  of  the  air  we 
breathe,  the  mercury  in  boiling  water 
will  not  rise  above  45  of  his  scale.f 
There  is  a  slight  discrepancy  between 
the  original  account  of  Amontons's  ther 
mometer  and  that  given  by  Martine, 
who  states  its  boiling  point  at  73  inches, 
and  its  freezing  point  at  51 1  inches; 
but,  according  to  the  Academicians,  the 
latter  will  be  at  52  inches  and  about  8 
lines.  The  ingenious  contrivance  of 
the  double  pressure  enabled  him  to 
apply  the  instrument  to  measure  the 
temperature  of  boiling  water,  by  a  tube 
less  than  four  feet  in  length.J 

Although  the  idea  of  Amontons  was 
a  fine  approximation  to  an  universal 
standard  for  a  thermometric  scale,  the 
instrument  is  liable  to  such  objections 

*  M^moiret  de  TAead.  for  170S. 
t  M^moirat  de  TAcad.  des  Seienoet,  torn,  xri 
liim,  Aead.  det  Seieacti,  tan.  xr.  for  1708. 
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that  iti  prineiple  seems  scarcely  e^er  to  heifs  scale  was  proposed,  its  zero  was 
have  been  put  in  practice,  except  by  its  derived  from  the  artificial  cold  pro- 
inventor  and  the  Marchese  Poleni.*  It  duced  by  a  mixture  of  salt  and  snow, 
is  difficult  to  construct  two  instru-  then  supposed  to  be  the  lowest  possi- 
ments  which  shall  correspond,  firom  the  ble  reduction  of  temperature.  This, 
var}'ing  expansibility  of  air  according  however,  seems  to  be  inaccurate :  Boer- 
to  its  moisture  or  dryness ;  the  indica-  haave  *  gives  a  different  account  of  the 
tions  are  liable  to  be  affocted  by  the  matter,  which  is  repeated  in  the  Philo^ 
fluctuations  of  atmospheric  pressure ;  it  tophibal  TraruacttoTu.  f  The  zero 
is  liable  to  be  deranged  by  the  escape  of  was  fixed  from  "  the  lowest  cold  ob- 
a  portion  of  the  included  air,  when  the  served  in  YsUmdy"  (Iceland);  which 
instrument  is  moved  about ;  it  is,  more-  was  supposed  to  be  as  low  a  tempera- 
over,  too  unwieldy,  and  very  liable  to  be  ture  as  was  likely  to  become  the  object 
broken.  of  philosophic  investigation :  but  when 

Much  about  the  period  when  those  artificial  methods  of  reducing  the  tem- 

attempts  to  perfect   the   thermometer  perature  of  bodies  much  lower,  and 

were  made  m  France,  important  im-  occasional  natural  colds  brought  the 

provements  on  it  were  effected  in  the  mercury  below  that  point,  a  scale  of 

north  of  Germany  and  in  Holland,  by  equal  parts  was  extended  below  the  0° ; 

the  introduction  of  quicksilver  as  the  the  ascending  series  of  degrees  being 

thermometrio  fluid.  distinguished  by  sign  +  or  jflui^  and 

The  objections  we  have  stated  to  the  the  descending  series  by  the  sign  —  or 

use  of  the  spirit  thermometers,  and  to  minu$» 

the  oil  thermometer  of  Newton,  led  the  The  principle  which  dictated  the  pe' 
way  to  the  employment  of  quicksilver  eidiar  aivition  of  the  scale  is  as  follows. 
in  the  construction  of  the  instrument.  "When  the  instrument  stood  at  the 
Dr.  H alley  alludes  to  several  advantages  greatest  cold  of  Iceland,  or  0  degree, 
ofquicksilver  as  a  thermometrio  fluid,  but  it  was  computed  to  contain  11,124 
aeems  to  have  rejected  it  on  the  ground  eaual  parts  of  quicksilver ;  wliich, 
of  its  slight  expansion  by  heat,f  although  when  plunged  in  melting  snow,  ex- 
this  objection  might  have  so  easily  been  panded  to  1 1 ,156  parts ;  hence  the  in- 
obviated  by  increasing  the  disproportion  termediate  space  was  divided  into  32 
between  the  bulb  and  the  diameter  of  equal  portions,  and  32°  was  taken 
the  tul>e.  On  this  account  the  claim  set  as  the  freezing  point  of  water :  when 
up  for  his  title  to  priority  of  invention  the  thermometer  was  plunged  in 
may  justly  be  deni^  It  is  most  pro-  boiling  water,  the  quicksilver  was  ex- 
bable  that  science  is  indebted  for  this  panded  to  11,336  parts ;  and  therefore 
mat  improvement  to  Iloemer,the  cele*  212°  was  marked  as  the  boiling  point 
brated  astronomer  of  Dantzic,  to  whom  of  that  fluid.{  In  practice^  Fahren- 
the  invention  is  ascribed  by  Boerhaave,  heit  determined  the  divisions  of  his 
as  well  as  the  first  idea  of  me  scale  now  scale  from  two  fixed  points,  the  fi-eez- 
known  as  that  of  Fahrei^eit  Boer-  ing  and  boiling  of  water :  the  theory  of 
haave  further  adds,  that  as  early  as  the  division,  if  we  may  so  speak,  was 
1709,  Roomer  observed  with  that  in-  derived  from  the  lowest  cold  observed 
■trument  a  natural  cold  so  intense  as  to  in  Iceland,  and  the  expansions  of  a  given 
sink  the  mercury  to  the  beginning  of  portion  of  mercury, 
the  scale.J  Thermometers  of  this  con-  The  mercurial  thermometer  was  used 
ttruction  l)egan  to  be  made  by  Daniel  by  the  Italian  philosopher  Renaldini 
Gabriel  Fahrenheit,  a  native  of  Dantzic,  before  the  end  of  the  seventeenth  cen- 
who  afterwards  lived  at  Amsterdam,  in  tury :  and  he  proposed,  in  1694,  an  in- 
80  admirable  a  manner,  that  he  has  genious  method  of  graduating  it  between 
generally  been  considered  the  original  the  freezins;  and  boiling  points  of  water, 
inventor ;  Uiey  were  speedily  spread  over  l>y  successive  mixtures  of  determinate 
the  north  of  Europe  under  his  name,  weights  of  boiling  and  ice  cold  water, 
and  still  maintain  their  ground  in  so-  Tne  great  advantages  of  Fahrenheit's 
veral  countries,  especially  in  Britain.  thermometer   over    every    other   pre- 

It  has  commonly  been  alleged,  that  vious  invention,  consisted  in  its  appli- 

at  the  time  when  Kocmer^t  or  Fahren-  cability  to  a  greater  range  of  tempera 
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tore*  from  tbe  freenn^  to  the  boDing  Butch  philosopher  Cnu|miif  madeiho 

point  of  ^uieksilyer,  m  iti  not  t<»]uig  ohsenrations  published  in  the  Philoio^ 

the  containing  tube,  and  in  its  receiv-  phital  TranMoctiont,  (vol.  xxxaL  No. 

ing  the  impressions  of  heat  and  cold  381,)  was  an  air  thermometer,  on  which 

more  readily,  while  its  density  rendered  he  states  the  freezing  point  of  water  to 

eaifdllaiy  tubes  filled  with  it  perfectly  be   indicated  by   1070°,  and  boiUng 

Tinble;  and  thus  &e  instrument  be-  water  by  1510°:  the  low^  known  cold, 

came  more  portable  and  delicate.    We  which  seems  to  have  been  the  begin- 

may  also  remark*  that  at  the  period  of  ning  of  his  scale,  he  gives  =  1000°. 

its  mvention,  there  was  no  other  scale  The  objections  to  the  thermometer  of 

in  use  that  could  pretend  to  vie  with  it  Amontons  are  clearly  stated  by  Keau- 

in  accuracy ;  and  it  still  possesses  the  mur,  *   who   proposed   to  adopt   the 

peculiar  advantages,  that  from  the  low-  freezing  and  boiling  points  of  water  as 

ness  of  its  0°,  the  observer  is  seldom  fixed  points  in  the  scale,  but  employed 

troubled  with   negative  degrees,    and  spirit  as  the  thermometric  fluid.    He 

fix>m  the  number  of  its  divisions  has  unquestionably  fell  into  error  when  he 

rarely,  in  ordinary  operations,  to  use  stated  that  1 000  parts  of  strong  spirit 

fractions  of  a  degree.  dilated  to  1 087.5  parts  in  passing  from 

We  are  indebt^  also  to  Fahrenheit  for  the  freezing  to  the  boihng  point  of 
the  knowledge  of  the  fluctuation  of  the  water ;  for  how  could  strong  spirit 
boiling  point  of  water,  according  to  the  sustain  so  high  a  temperature  without 
difPerence  of  atmospheric  pressure.*  being  partiaUy  converted  into  vapour  ? 
LeMonnier,in  1739,  confirmed  this  fact.  His  proposal  was  to  use  spirit  of  just 
by  noting  the  temperature  of  boihng  stidi  strength,  that  between  these  two 
water  on  the  top  of  Mount  Canigou,  temperatures  it  should  expand  from 
one  of  the  Pyrennees;  uid  in  1744,  1000  to  1080;  and,  commencing  his 
it  was  fully  estabUshed  'by  Martin  scale  or  0"  at  the  freezing  point  oi 
Folkes,  who  found  that  water  boiled  on  water,  he  made  the  boiling  point  80°. 
the  summit  of  Pic  du  Midi  15°  of  The  princi^e  of  this  constructiun  was 
Fahrenheit*s  scale  lower  than  at  Bag-  eood ;  but  Dr.  Martine  has  shown  that 
neres  ;  and  at  the  latter  place  3}°  lower  from  the  large  size  of  the  bulbs  of  his 
than  «t  Bordeaux ;  while  he  proved  thermometers,  which  were  from  3  to  4 
that  elevation  in  the  atmosphere  had  no  inches  in  diameter,  and  the  short  time 
sensible  influence  on  the  stability  of  the  they  were  immersed  in  the  freezing 
freezing  point.t  These  facts  led  to  mixture,  they  could  not  have  acquired 
an  important  correction  in  fixing  the  an  uniform  temperature ;  and  accord- 
boiling  point  of  water  or  other  liquids,  ingly  Martine  found  their  freezing  point 

It  would  now  be  a  waste  of  time  to  too  nigh,t  and  the  error  in  the  boiling 

describe  minutely  the  various  thermo-  point  from  the  cause  already  alluded  to, 

meters  which  were  in  use  in  France  and  must  have  been  still  greater. 

England  before  the  time  of  Fahrenheit.  These  errors  might  have  been  obviat- 

They  were  all  without  fixed  points  in  ed  by  the  use  of  quicksilver  instead  of 

the  scale ;  and  though  they  were  vaunted  spirit  This  was  accordingly  soon  done ; 

as  constructed  after  the  models  in  the  by  whom  first  is  uncertain,  althoue:h 

Royal  Observatory  at  Paris,  or  in  the  there  is  strong  reason  to  believe  by  De 

apartments  of  the  Hoyal  Society  of  Lon-  Luc;  and  the  mercurial  thermometer, 

don,  they  gave  most  discordant  results,  with  the  0^  at  the  fh;ezing  point  of 

An  analysis  of  the  most  noted  of  them  water,  and  SO**  as  its  boiling  pomt,  soon 

has  been  elaborately  and  ingeniously  became  general  in  France,  and  well 

attempted  by  Dr.  Martine  in  his  valuable  known  over  Europe  under  the  name  of 

Essays,  and  the  results  presented  in  the  Reaumur's    Thermometer.      The  only 

very  convenient  form  ot  a  tabular  view,  material  objections  to    such  a  scale. 

We  shall  therefore  pass  at  once  to  notice  when    the    instrument    is    accurately 

some  of  the  other  more  accurate  ther-  made,  arise  from  the  largeness  of  the 

mometers  that  have  been  employed  in  divisions  rendering  fractional  parts  of  a 

different  parts  of  Europe,  although  the  degree  of  frequent  occurrence,  and  the 

principle  m  them  all  is  similar  to  what  elevation  of  O**  often  introducing  4-  and 

has  been  already  described.  —  degrees  in  a  series  of  obsenations. 

The  thermometer    with    which  the  even  at  common  natural  temperatures. 
,■ The  mercurial  thermometer  of  Mons. 

•  Phil.  Tran*.  xxxm.  No.  381.  •  M^moiiv*  de  TAcftd.  des  ScieBoes,  for  173a 

t  PbiL  Tnnt.  roL  zUii.  p.  38.  t  Martiae's  KsMjr^  Kdin.  179^  p.  SS. 
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J.  De  Lisle  of  St.  Petersburg,  differs  M.  de  la  Lande,  in  1804,  proposed  a 
little  in  jmnciple  from  the  instruments  new  thermometric  scale,  the  0*  or  mean 
just  mentioned  ;  but  its  graduation  is  point  of  which  he  would  fix  at  the  mean 
inverted.  His  0**  is  at  the  boiling  point  temperature  of  the  earth  ;  which  he 
of  water,  and  he  continues  the  ^adua-  gives  as  =  to  S**. 5  of  Reaumur's  scale ; 
tion  downwards :  and  conceivmg  the  and  his  degrees  were  to  be  the  ten  mil- 
mercury,  at  that  temperature,  to  be  di-  lionth  part  of  the  volume  of  the  mer- 
vided  into  1 00,000  parts,  he  determined  cury  in  the  instrument.  Among  the 
the  degrees  by  the  contractions  of  the  advantages  of  such  a  division,  he  con- 
whole  mercury  as  it  cooled,  expressed  siders  the  simplification  of  expression  in 
in  such  parts.*  The  distance  between  meteorological  observations — thus,  30* 
the  freezing  and  boiling  points  of  water  would  express  the  heat  of  summer  and 
on  this  scale  is  150^  as  ascertained  by  cold  of  winter ;  40**  a  hot  summer  and 
Dr.  Martine.  who  examined  one  of  Dr.  severe  winter ;  while  the  smallness  of 
Lisle's  original  thermometers :  but  this  the  degrees  would  obviate  the  use  of 
thermometiT  seems  to  possess  no  advan-  fractions  of  a  degree.  The  boiling 
tage  over  those  just  described,  and  never  point  of  water  would  be  at  +  133, 
came  into  general  use  except  in  Russia,  and  the  congelation  of  mercury  at  — 
where  it  is  still  employed.  74**;  ice  would  melt  at  —  18",  and  the 

Our  countryman,  Dr.  Stephen  Hales,  zero  of  Fahrenheit  would  be  at  —  44.* 

employed  another  thermometer  in  his  This    proposition    has    never  been 

experiments  on  vegetable  physiology,  adopted ;  and  its  advantages  seem  over- 

The  0"  was  at  freezing  water,  and  the  rated  by  the  inventor.    It  only  obviates 

highest  point  was  ascertained  by  placing  one  of  the  objections  urged  against  the 

the  instrument  in  hot  water,  on  which  scale  of  Celsius,  and  is  interior  in  sim- 

wax  was  just  beginning  to  congeal ;  plicity  either  to  a  millesimal  division  of 

the  intenening  space  was  divided  into  the  interval  between  the  freezing  and 

1  OO^.t    This  near  approach  to  a  true  boiling  point  of  water,  or  to  the  ther- 

centosimal  scale  was  defeated  by  the  un-  mometric  scale  proposed  by  ihc  late 

certainty  of  the  upper  point,  arising  Dr.  Murray  of  Edinburgh.    That  acute 

from  his  using  spirit  instead  of  mercury  philosopher  proposed   to    employ  the 

in  the  tube,  and  the  difficulty  of  ascer-  freezing  and  boiling  points  of  mercury 

taining  the  exact  moment  of  the  conge-  itself  as  the  extremes  of  his  scale,  and 

latiun  of  the  wax.  to  divide  the    intervening  space  into 

Inthe  year  1742,  the  Swedish  philo-  1000^  It  is  a  more  natural  division 
sopher  Celsius,  professor  at  Upsal,  than  any  hitherto  proposed,  inasmuch 
divided  centesimaily  the  thermometer  as  it  is  taken  from  relations  of  the  best 
known  in  the  north  by  his  nanie,  and  thermometric  fluid  itself  to  heat:  and  if 
which  has,  since  its  tacit  adoption  by  we  suppose  these  two  points  to  have 
the  French  chemists,  obtained  additional  been  accuratelv  fixed  at  —  40"*  and  + 
celebrity  as  the  Thermomttre  Centi-  655"  of  Falirenheit,  the  freezing  point  of 
grade,  Celsius  commences  his  scale  water  would  be  99o,  and  its  boiling 
at  the  freezing  point  of  water,  and  di-  point  347**  on  Murray's  scale, 
vides  the  space  between  that  point  and  The  advantages  of  this  scale,  are  that 
the  height  of  the  mercurial  column  in  it  will  very  seldom,  in  natural  tempera- 
boiUng  water  into  100".  This  appears  tures,  render  the  introduction  of  —  de- 
a  more  natural  and  simple  division  than  grees  necessary,  and  the  smallness  of 
any  that  had  been  previously  proposed,  the  divisions  supersede  the  employment 
and  it  possesses  several  advantages  ;  of  fractional  parts  of  a  degree,  in  ordi- 
but  it  has  two  inconveniences  of  some  nary  cases  ;  two  circumstances  of  con- 
importance  in  many  practical  opera-  siderable  importance  in  a  long  series  of 
tions.  Thus,  from  the  high  position  of  thermometric  observations, 
the  0",  natural  colds  are  fretjuently  to  Magellan  informs  us,  f  that  M. 
be  noted  by  a  descending  series  ot  fi-  Achard  of  Berlin  invented  a  thermome- 
gures,  and  one  column  of  observations  ter  for  ascertaining  high  temperature, 
may  be  hence  embarrassed  by  +  and  —  which  is  a  true  Pyrometer,  and  might 
degrees ;  while  from  the  large  space  have  been  introduced  in  the  next,  sec- 
intercepted  between  the  degrees,  the  tion.  It  consists  of  a  ball  and  tube  of 
observer  is-  frequently  obliged  to  com-  semitranslucent  porcelain,  highly  baked, 
pute  fractional  parts  of  a  degree.              — ; ,  ,  „,   . ~^ — 7rT\    Tl — 

t. 1 - •  Journal  de  Phfiiqae,  1804.    NiebolMa't  Jonr- 

•  Phil.  True.  toL  xxaix.  p.  S21,  for  1736.  i»»l,8fo.  voL  ii.  ^  61.                       . 

tV«frtal»UStMu»,ToLLp.M.  t  S»l«XUorMdiiFca£l<ait»tUftb  17M. 
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containiiig  a  fiuible  allqjr  of  two  parts  Whm  we  wish  to  conTert  the  degrees  of 

of  bismnOi,  one  of  lead,  and  one  of  tin.  Heanmur  into  those  of  Fahrenheit,  we 

In  the  temperature  of  the  air,  it  remains  have  to  multiply  by  9,  divide  by  4,  and 

solid  in  me  ttibe;    it  becomes  fluid  add  32;  and  subtracting  32  n-om  the 

about  the  boiling  point  of  water ;  then,  given  d^ree  of  Fahrenhat,  multiplying 

as  a  fluid,  expands  by  increase  of  tern-  the  remainder  by  4,  and  dividing  by  9, 

perature ;  and  its  expansion  being  seen  will  give  the  equvalent  degree  of  Keau- 

through    the    semitranslucent    tube,  mur^s  scale. 

which  is  divided  into  equal  parts  or  de-        The   following  short   formulie  will 

grees,  becomes  an  indication  of  the  apply  to  each  case : 

temperature  applied  to  the  ball.  g  q 

I    Tnis  invention  promises  to  be  of  con-  1.  F  =  —-  +  32. 

nderable  utility,  and  h  capable  of  ex-  ^ 

tension   by  the   employment   of  less  (F  —  32)  x  9 

fusible  metals.    From  the  simplicity  of  2-  C  = . 

its  construction,  it  is  rather  surprising 

that  it  has  not  been  more  generally  ^  p  _.  5^  .l  32 

known,    and  employed    in    potteries,      *  4 

where  the  instrument  could  be  easily  p,        v 

made.     An  instrument  on  this   con-  4,  r  -:  (r—  32;  x  4^ 

struction  would  be  a  better  method  of     '  9  ' 

uniting  the  scales  of  the  common  ther-        ^^^3^  fonnute  apply  to  all  deCTees 

mometer  and  pyrometer  than  any  here  •  ^y^  ^^  f^^^      ^^^  of  ^^^^^J  ^ 

tofore  employed.  when  negative  degrees  of  Celsius  are  to 

Of  these  vanous  tfiermometnc  scales  |^  converted  into  the  equivalents  on 

there  are  but  three  in  very  general  us^  Fahrenheit's  scale,  multiply  the  degree 

mz.  that  of  Fahrenheit.  Celsius,  and  ^f  Celsius  by  9,  divide  \yy  5,  ajid  the 

Reaumur.    Fahrenheit  s  is  chiefly  used  difference  between  the  quotient  and  32 

m  Britain,  North  America,  and  Hoi-  ig  ^^e  required  degree  of  Fahrenheit  : 

land :  the  scale  of  Celsius  was  adopted  ^  y^Yien  native  dlgrees  of  Fahrenheit 

by  the  FVench  and  is  now  employed  in  ^  to  be  reduced  to  then-  equivalents 

most  parts   of  the  north   and    middle  ^^  the  scale  of  Celsius,  add  32  to  the 

of  Europe:  Reaumur s  wa^  the  only  given  degree  of  Fahrenheit,  then  multi- 
one  used  m  France  before  the  Revolu-      j    ^y  5?  and  divide  by  9.     By  substi- 

hon,  and  is  still  that  best  known  m  tu^„^  4  ^^^  5.  the  saiie  fonnul«  will 
Spam  ajid  m  some   other  contmental  j^^^  Fahrenheit  and  Reaumur,  aU 

states ;  but  it  is  further  important,  as  ^^^         ^^  ^^us  expressed : 
affording  the  terms  in  which  numerous  '  '^ 

very  valuable  observations  are  recorded.  |^  —  F  =  ^      en  32 

For  these  reasons  it  is  useful  to  have  '  5 

formulje    for    readily    converting   one  CF  +  32)  x  5 

scale  into  the  equivalent  de^ees  of  the  2.  —  C  *=  ^ :- 

otlier  two.    The  freezing  point  of  water  • 

on  Fahrenheit's  scale  is  at  32°,  and  on  9  R 

those  of  Celsius  and  Reaumur  at  0^  3.  -  F  =  —  c^  32. 

while  it  boils  on  each  respectively  at 

180°,  10 OS  and  80S  above  that  point.  .  (F  +  32)  x  4 

Hence  the  decrees  of  Fahrenheit  are  to  '  9 

those  of  Celsius  as  180:  100  =  IS:  10        rrm^  ft.,.«,„i«  «^«  ^««„««-«^4  r 

=  9:5,  and  to  those  of  Reaumur  as  .  V"^  ^^™^«  ^^^  convenient  for  re- 

180:8U  18:8  =  9:4-,or9°of  Fah.  f"^^"^*  few  examples  from  one  scale 

renheit  are  equal  to  5°  of  Celsius  and  ^^  ^"°^^^'•5  but  when  they  perpetually 

to  40  of  Reaumur.    Therefore,  when  we  [J^  !"  J!!?^"L?f«rIJ?^^^^    k    ""  ^ 

wish  to  convert  the  de^ees  of  Celsius  "^^^^  ^?^^Zl  l^Mj^i^J^'-^™ 

into  those  of  Fahrenheit,  we  have  to  l^^^'^LTL^l^^^^^ 

multiply  the  number  of  the  former  by  9,  °^^^°"  ^^^^  ^  obtamed. 

divide  bv   5,   and  add  32:   to  reduce  •  „       d--      *-     ^         --        ^     r       . 

the  degrees  of  Falirenheit  into  those  of  «  I'^ZZ^Z.TT'^  ^,  %^^ 

Celsius,  the  converge  of  the  proposition        ^,!?,^'**''^'''^  ^~^  ^^'" 

will  give  the  required  result ;  that  is,        "^^^^9. 

6-0111  the  degree  of  Fahrenheit  subtract        A  general   idea  has   l)een   already 

32,  then  multiply  by  5,  and  divide  by  9.  ^ven  of  the  mode  of  constructing  a 
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leter,  but  where  much  accuracy  that  by  slightly  compressinjo:  their  bulbs 

ed  there  are  many  niceties  that  between  the  finger  and  thumb,  the  mer- 

attcntion.  cury  in  the  stem  rose  and  fell  aJter- 

iie  tube  should   be   of  equal  natelj  several  degrees,  as  the  jpressture 

throughout  the  whole  stem,  was  mcreased  or  diminished.   The  bulb 

ined  from  the  glass-house,  the  and    stem    are   usually  in   the    same 

i  in  reality  frusta  of  very  elon-  straight  line,  but  for  various  purposes 

llow  cones,  which,  b^  extension,  the  bulb    is    occasionally    placed    at 

nore  or  less  nearly  cylindrical ;  various  angles  to  the  stem, 

the  divisions  of  tne  scale  are  In  forming  the  bulb  the  mouth  must 

qual,  it  is  very  important  that  not  be  employed  to  blow  it,  otherwise 

should  not  percq)tibly  differ  moisture  will  condense    in  the  tube, 

•ue  cylinder.  which  is  expelled  with  much  difficulty, 

ese  purposes,  after  a  tube  has  and  if  suffered  to  remain,  will  greatly 

osen  by  the  eye  as  equal  in  impair  the  value  of  the  thermometer, 

as  nossible,    the  best  makers  Good  instrument-maken  use  a  small 

bulb  on  it,  and  introduce  a  bottle  of  caoutchouc,  or  elastic  gum, 

lumn  of  mercury  into  the  stem,  fastened  by  a  thread  on  one  end  of  the 

an  inch  in  length,  which  is  accu-  tube,  while  the  other  extremity  is  soft- 

easured  on  a  fine  scale  of  equal  ened  by  the  flame  of  a  fallow  lamp, 

different  portions  of  the  tube,  urged  by  a  blowpipe.     By  compressing 

column  is,  by  the  heat  of  the  the  bottle,  after  the  orifice  of  the  soft- 

3ved  from  the  bulb  to  the  open  ened  end  of  the  tul)e  is  closed  by  the 

f  of  the  tube.    Should  the  mer-  aid  of  another  rod  of  glass,  a  bulb  is 

Column     subtend     the    same  formed  of  any  required  size ;  but  a  neat 

of  divisions  on  the  scale  in  workman  will  rarely  consider  the  first 

rt  of  the  tube,  it  may  be  consi-  blown  bulb  sufficiently  well  formed  for 

a  perfect  tube  for  a  thermome-  his  purpose.    It  is  generally  dilated  till 

it  bursts ;  the  glass,  while  still  soft,  is 

ite  Mr.  Wilson,  of  Glasgow,  in-  compressed  into  a  rounded  mass,  and  a 

1    thermometric    tubes    of   an  fresh  bulb  formed  of  a  regular  shape, 

I  bore.    The  advantage  of  this  and  size  proportioned  to  the  calibre  of 

that  a  very  small  column  of  the  tube.    Should  the  artist  not  intend 

is  much  more  visible  when  it  is  to  fill  the  tube  immediately,  he  usually 

J  at  right  angles  to  the  line  of  hermetically  seals  the  other  end  of  the 

If  due  precaution  be  taken  to  iube  to  prevent  the  entrance  of  damp 

:hc  equality  of  the  tube  this  air  or  dust 

swers  well,  especially  for  ordi-  3.  The  precautions  necessary  in  fiU- 

•poses ;  but  where  great  nicety  ing   thermometers  with    mercury   are 

red,  we  would  recommend  the  exceedingly  well  given  in  Nicholson's 

al  tube.  Chemistry* 

e  form  and  proportion  of  the  The  mercunr  should  be  clean,  dry, 

y  vary  according  to  the  purpose  and  recently  boiled,    to  expel  wr  as 

h  the  instrument  is  to  be  ap-  much  as  possible.    Mercury  is  often 

The  larger  the  bulb  in  propor-  cleaned    by  thermometer  -  makers    by 

the  stem,  so  much  more  deli  a^tating  it  in  a  phial,  for  some  time, 

isceptible  of  changes  of  tempe-  with  sand,  and  then  straining  it  through 

k  ill  be  the  thermometer,     llie  leather ;  for  nice  instruments  it  should 

L  bulb  is  to  be  preferred,  for  be  distilled  fi-om  iron  filings,  or  reduced 

3e  is  least  likely  to  be  affected  firom    its    sulphurets,    iii    clean    iron 

arming  pressure  of  the  air ;  but  vessels,  at  a  moderate  heat, 

e  bulb  is  very  large  this  form  The  bulb  to  be  filled  is  heated  in  the 

the  thermometer  less  susceptible  flame  of  a  lamp,  and  the  open  extremity 

te  chanties  of  temperature,  and  of  the  tube  is  immersed  in  the  mercury ; 

I  or  cylindrical  bulbs  are  usually  as  the  bulb  cools,  the  pressure  of  the 

A 11  large  bulbs  are  more  or  less  atmosphere   forces  the  fluid  into  the 

affected  even  by  slight  pres  tube  and  ball    Mr.  Nicholson  recom- 

n  examination  ofmore  than  fifty  mends,  that  the  bulb  should  be  but 

I  thermometers,  with  large  sphe  moderately  heated  at  first ;  so  as,  on 

Jbs,  in  the  work-shop  ot  an  cooling,  to  become  only  hsdf  filled.  Uft 

t  artist,  afforded  the  writer  of  advises  the  open  end  ol  ^«  \.viX^  \a  \a 

de  an  opportunity  of  obferving         " •  2Ai«<A«i4,^  w 
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kq)t  under  the  sur&oe  of  the  mercuiy,  scxm  as  the  mercury  reaches  the  extre- 

and  the  instrument  to  be  retained  as  mity  of  the  tube.    When  the  ball  has 

nearly  in  the  horizontal  position  as  pos-  cooled  a  little  the  sealing  is  rendered 

sible,  while  the  flame  of  a  newly  snufPed  more  secure  by  fusing  the  glass  more 

candle  is  applied  to  the  bulb,  so  as  to  fully  around  tfie  top,  so  as  completely 

boil  the  included  mercury.    Thus  the  to  obliterate  the  orifice.    If  the  vacuum 

remaining  air  will  be  expelled ;  and  on  be  perfect,  the  mercuxy  will  fall  to  the 

removing  the  candle,  the  mercury  will  extremity  of  the  tube  on  inverting  the 

suddenly  fill  the  ball  and  part  of  the  thermometer,  imless  the  calibre  be  ab- 

tube.  solutely  capillaiy ;  in  which  case  capil- 

4.  To  ensure  a  delicate  thermometer,  lary  attraction  will  overcome  the  force 
the  mercury  is  next  to  he  boiled  in  the  of  gravity,  and  the  mercury  will  retain 
thermometer.  For  this  purpose  a  slip  its  position  in  the  tube,  in  every  situa- 
of  clean  writing  paper  is  to  t)e  rolled  tion  of  the  instrument 

tightly  around  the  upper  part  of  the  Where  there  is  a  complete  vacuum 

tube,  so  as  to  form,  beyond  the  orifice,  in  the  tube,  the  mercury  must  be  well 

a  cup  or  cylinder  capable  of  containing  boiled  before  the  sealing,  as  above  di- 

as  much  mercury  as  the  bulb :  secure  rected ;  and  when  we  choose  a  thermo- 

this  round  the  tube  with  a  thread,  put  meter,  the  ready  falling  of  the  mercuiy, 

a  drop  of  mercury  into  the  paper  cavity,  on  inversion  of  the  tube,  is  the  best  test 

and  again  apply  heat  to  the  bulb,  hold-  we  can  have  that  the  mercury  has  been 

ing  the  tube  by  the  part  covered  by  the  well  freed  from  air  and  moisture.    This 

paper.  The  mercury  will  soon  boil,  and  vacuum  is  not,  however,  so  essential  to 

about  one 'half  of  the  contents  of  the  the  true  action  of  the  thermometer  as 

ball  will  rush  up  into  the  paper  cup.  was  once  supposed.     A  thermometer 

On  removing  the  bulb  from  the  candle,  with  a  small  dilatation  of   the    tube 

the  mercury  will  suddenly  retium.    Re-  when  sealed,  containing  some  common 

peat  this  operation  again  and  again,  air,  has  lately  been  recommended  as 

until  the  speedy  boiling  of  the  mercury,  preferable  to  tne  instrument  with  a  va- 

and  the  diminished  noise  and  agitation,  cuum  on  the  surface  of  the  mercury, 

show  that  the  whole  has    been    well  M.  Flaugergues*  first  called  attention 

heated,  and  air  and  moisture  expelled  to  the  fact,  that  when  old  thermometers 

from  it.  are  placed  in  melting  ice,  they  seldom 

Should  there  be  the  least  moisture  in  fall  quite  so  low  as  the  mark  of  freezing 

the  tube  before  this  part  of  the  opera-  on  their  stems,  especially  when    the 

tion,  it  is  very  likely  to  burst  the  bulb ;  whole  air  has  been  expelled  from  them, 

and  the  same  accident  is  likely  to  hap-  This   difference    he  found  to  amount 

pen,   if  the  mercury  be  too  strongly  sometimes  to  0.9  of  a  degree.      The 

boiled  the  first  or  second  time.  same  fact  has  been  confirmed  by  MM. 

An  experienced  eye  will  readily  judge  De  la  Rive  and  F.  Marcet,t  and  also  by 

what  range  of  scale  the  thermometer  Bellani  %  and  Arago.  $    The  writer  of 

will  have ;  but  this  point  can  easily  be  this  article  possesses  three  thermome- 

ascertained,  before  the  tube  is  closed,  ters ;  one  ver)'  delicate,  made  by  Rams- 

by  heating  the  bulb  in  the  mouth,  and  den.  and  two  well  made  instruments  by 

then    immersins:  it  in  cold  water  or  Lovi  of  Edinburgh,  all  which  have  been 

melting  ice.    When  the  latter  is  used,  in  his  possession  upwards  of  a  quarter 

the  operator  can  at  pleasure  fix  how  of  a  century.     On  lately  placing  them 

far  from  the  bulb  he  will  have  the  in  a  vessel  filled  with  pounded  ice,  in  a 

freezing  poirt ;  for,  by  keeping  the  tube  warm  apartment,    they  all   showed  a 

more  or  less  filled,  he  can  axljust  that  slight  elevation  of  the  freezing  point, 

point  to  any  desired  height.  That  made  by  Ramsden  has  a  capillary 

5.  The  tube  is  now  to  be  hermetically  tube  and  small  spherical  ball ;  the 
sealed,  that  is,  closed  by  the  fusion  of  other  two  have  small  pyriform  bulbs, 
the  glass  at  the  upper  extremity,  which  and  the  mercury  readily  falls  to  the  ex- 
for  this  purpose  is  previously  drawn  to  tremity  of  the  tube  on  inverting  them : 
a  capillary  orifice.  When  it'is  intended  yet  Kimsden's  stood  about  0.6  of  a 
to  free  the  tube  entirely  from  air,  which  degree  above  the  freezing  point,  and  the 
is  the  best  method  with  mercurial  ther-  other  were  just  perceptibly  above  it, 
mometers,  heat  is  again  to  be  gently     — ___ 

applied  to  the  bulb,  which   at  the  same  *  Biblioth^ne  Uaivenelle.  tom.  XX.  1883. 

momem  is  to  be  softened  bv  another  t  A^*  ***^*  !!*^i.'-  •     . 

^„_             ,     ,         1    •      ^u               "i  t  Owrnale.di  FiMC*.  torn.  T. 

name,  and  closed  in  the  usual  way,  as  \  ikiA«i«»eLtCVi\i&\«^toin.xxxiL 
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M.Flangergoefattiibiites  this  change  chiefly  retained  in  thermometers  and 

to  the  effect  of  long  continued  atmo-  barometers  by  the  glass,  not  by  the 

spheric  pressure  on  the  bulbs  of  ther-  mercury.    He  introduced  a  portion  of 

mometers,  in  which  there  is  no  air  to  unboiled  mercury  into  a  bidb,  contain- 

counteract  it    De  la  Rive  and  Marcet  ing  mercury  which  had  ceued  to  give 

give  the  same  explanation,  and  remark  out  any  air,  and  found  that  this  intro- 

how  this  circumstance  must  a£Pect  the  duction  did  not  renew  the  agitations 

result  of  all  experiments  on  the  cold  which  the  first  application  of  heat  to 

produced  in  vacuo.  the  bulb  had  occasioned. 

Arago  is  not  inclined  to  attribute  this  The  difficulty  of  freeing  thermometers 

elevation  of  tiie  zero  to  atmospheric  from  air  is  admitted  by  Arago,  while  he 

pressure  on  the  bulb ;  since  he  found  it  recommends  boiling  the  mercury  in  the 

equally   affecting    thermometers   with  bulb  as  the  best  method  of  effecting  the 

very  thick  and  very  thin  bulbs.    He  in-  expulsion  of  the  air ;  and  he  quotes 

clines  to  ascribe  it  to  the  disengagement  some  unpublished  experiments  of  Du- 

of  air,  which  either  adhered  to  the  glass  long,  to  snow  the  tedious  manipulations 

or  the  mercury,  and  its  accumulation  in  which  are  necessary  for  this  purpose, 

the  upper  part  of  the  bulb,  so  as  to  We  would  recommend  the  boiling  to 

affect  the  column  in  the  stem.  be  performed  in  the  manner  stated,  un- 

The  most  complete  observations  on  til  the  agitation  of  the  fluid  caused  by 

this  point  are  those  of  Bellani,  *  who  the  air  ceases ;  and  after  the  tube  is 

acknowledges  two  sources  of  variation  closed,    the    observations    of    Bellani 

in  the  zero  Of  thermometers.    That  ele-  would  incline  us  to  recommend,    for 

vation  of  the  zero,  first  noticed  by  Flau-  delicate  instruments,  that  the  attempt 

gergues,  according  to   him,  goes   on  to  fix  the  freezing  point  should  be  de- 

gradually  increasing  for  a  Umited  pe-  ferred,  until  the  glass  might  be  supposed 

riod,  but  ceases  after  a  year  or  two.  He  to  have  contracted  to  its  state  of  equi* 

ascrilies  it  to  the  extreme  slowness  with  librium ;  after  which,  there  would  pro- 

which  glass  once  softened  has  the  equi-  bably  be  little  change  in  the  dimensions 

librium  among    its  particles  restored,  of  the  bulb. 

He  found,  that  some  months  after  gra-  6.  We  come  now  to  the  last  and  most 

duation,  a  thermometer  did  not  sink  dehcate  step  of  the  process,  the  adapta- 

quite  to  the  freezing  point  when  im-  tion  of  the  scale  to  the  instrument, 

mersed  in  melting  ice ;  if  laid  by  for  In  the  manufacture  of  thermometers 

some  months,  and  again  tried,  its  zero  this  is  conveniently  done  by  plunging 

win  be  still  higher ;  but  after  some  time  the  new  instrument,  along  with  a  stand- 

this  irregularity  ceases.    He  found  that  ard  thermometer,  into  two  liquids  at 

this  effect  was  not  diminished  by  leav-  different  temperatures :  but  the  gradua- 

ing  the  thermometer  open  at  the  top,  tion  of  this  standard  instrument  is  a 

and  it  was  sensible  even  in  spirit  ther-  work  of  such  nicety  and  importance, 

mometers.  that  a  committee  of  seven  members  of 

The  other  irregularity  noticed  by  the  Royal  Society  was  formed  to  in- 
Bellani  is  detected  in  the  following  vestigate  the  subject,  and  their  elabo- 
manner.— Let  a  thermometer,  having  rate  report  is  given  in  vol.  Ixvii.  part  ii., 
such  a  range  that  y^  of  a  degree  is  where  all  the  requisite  circumstances 
appreciable,  after  lying  by  for  some  are  distinctly  noticed,  and  the  best  ma- 
months,  be  plunged  into  melting  ice,  and  nipulations  minutely  described, 
its  height  accurately  noted,  then  into  Two  fixed  points  are  sought ;  and  the 
boiling  water,  and  again  into  ice,  it  will  freezing  and  boiling  points  of  water  are 
now  stand  louder  by  about  yV  of  a  de-  most  convenient  for  that  purpose.  To 
gree  than  at  its  first  immersion  in  the  find  the  first,  nothing  more  is  necessary 
liquefying  ice.  This  effect  he  ascribes  than  to  place  the  thermometer  to  be  gra- 
to  the  extreme  slowness  with  which  the  duated,  after  it  is  filled,  in  melting  snow 
expanded  glass  can  regain  its  former  or  ice,  in  such  quantity  around  the  biill 
state  of  contraction,  compared  to  the  and  tube,  as  to  bring*  it  to  the  desired 
mercury.  temperature.     When  the  mercury  has 

These  deductions  appear  to  be  per-  become  stationary  in  the  tube,  a  mark 

fectly  just;  and  we  are  further  indeoted  is  to  be  made  on  the  tube  with  a  file, 

to  Bellani  for  an  ingenious  method  ot  just  opposite  to  the  top  of  the  mercurial 

showing  that  the  air,  if  not  wholly,  is  column ;  and  that  mark  fixes  the  freeze 

-—-————---—————  ing  point  of  the  scale  ol  \Sa&  vxvs'qcvmbrs^ 

•B«iuu,oionak4irinfi»,toai.r.  T&  detensdiiaXkia  oi  \!^  Vm^i2^^ 
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it  mudft  more  diffionltt  beewisa  it  if  round  flie  tube,  vmAf  «•  \aA  m  the 
ftflbeted  fajr  atmospherical  presnin^  and  mppoaad  boUing  p<wi%  which  may  be 
even  Inr  the  fonn  of  the  YMselin  which  fnicssed  at  h^  prerioiia  inuncnioQ  pf 
the  water  11  heatedb  file  bulb  in  boiling  water  :hcdd  the  tber- 
The  Committee  of  the  Royal  Societf*  mometer  in  an  ascending  current  of 
recommend  that  the  boiline  pomt  boiling  rain  water  about  two  or  three 
ought  to  be  fixed  under  a  barome«  inches  below  the  surfiuse ;  pour  boiling 
txical  jnressure  of  29.80  inches.  F6r  watertiiree  or  lour  times  on  the  oovering 
the  graduation  of  the  tiiennometer  they  ofthetube,  at  intervals  of  some  seconds: 
recommend  that  the  bulb  should  not  M  and  waiting  a  few  seconds,  after  the  last 
immersed  in  the  water;  b«^ause  thqr  aflUsion*  to  allow  the  water  to  be  in 
Ibund,  that  according  to  the  dqith  <n  brisk  ebullition,  mark  the  hei^t  of  the 
this  immersion  the  mercury  rose  to  m  mereuiy  in  the  tube,  which  will  be  the 
greater  height  in  the  tube.  f^nKj  re-  boiling  point  of  the  instrument 
commend  a  vessel  of  tin  plate,  pro-  Having  thus  obtained  two  fixed 
vided  with  a  cover  which  fits  easily  on;  points,  the  fteesing  and  boiling  points 
and  rendered  steam-ti^t  by  a  ring  of  of  water,  it  is  easy  to  mark  off  com- 
woollen  cloth  between  it  and  the  vesseL  spending  divinons  on  the  scale  which 
This  cover  has  two  apertures — a  chim-  is  to  be  graduated.  If  the  tube  be  truly 
ney,  vrith  an  area  not  less  than  half  a  ylindrical,  nothing  more  is  neoessaiy 
square  inch,  and  two  or  three  inches  tnan  to  divide  the  intervening  space  into 
high,  to  cany  off  the  steam  of  the  boil-  as  manr  equal  parts  as  it  is  intended  to 
ing  water;  and  a  hole  for  a  cork,  have  du;i«es  between  those  points, 
through  which  the  thermometer  tube  Should  the  tube  not  be  of  uniform  bove^ 
is  inwrted  in  such  a  manner,  that  the  tiie  siie  of  tiie  divisions  ought  to  be  ac- 
ball  does  not  touch  the  surfece  of  the  commodated  to  the  inequalities  of  the 
vrater,  but  may  be  surrounded  with  an  tube.  Tliis  may  be  done  by  taking  in- 
atmosphere  of  steam ;  while  no  m«nre  of  tsrmediafte  points  in  mixtures  of  water 
the  tube  shoidd  be  above  the  cork  than  at  different  temperatures ;  and  after 
is  sufficient  to  show  the  height  to  which  marking  them  on  the  tube,  proportion- 
the  mercury  rises  when  me  water  is  ing  the  siie  of  the  degrees,  at  uiort  in- 
briskly  boiling.  When  all  things  are  tervals,  to  the  vaiying  diameter  of  the 
thus  adjusted,  a  thin  plate  of  metal  is  to  tube.  This  method  of  graduating  from 
be  laid  over  the  chimney,  to  prevent  the  intermediate  points  ought,  in  nice  in- 
escape  of  the  steam  as  it  is  formed ;  heat  struments,  to  oe  adopt^,  however  true 
is  to  be  applied  to  the  bottom  of  the  the  tube  may  appear ;  but  a  tube  with 
vessel ;  and  when  the  mercury  has  re-  sensible  inequalities  is  in  general  to  be 
mained  a  few  minutes  stationary  in  the  avoided. 

atmosphere   of  steam,    its    height   is  Although  it  would  be  advisable  to  fix 

carefmly  to  be  marked  with  a  file  on  the  boiling  point  when  the  barometer 

the  tube.  is  at  the  height  above  recommended* 

The  watei*  may  be  distilled,  or  any  soft  this  may  be  attended  with  serious  in- 

water,  such  as  clear  rain  water,  be  used ;  convenience  to  artists ;  and  philosophers 

for,  if  tliere  be  much  saline  ingredient  have  therefore  investigated  the  correc- 

in  the  water,  this  will  affect  the  boiling  tion  to  be  made  for  every  ordinary  varia- 

point,  and  may  lead  to  error.  tion  of  atmospheric  pressure. 

Various  mechanical  contrivances  have  The  first  considerable  series  of  ex- 
been  proposed  for  more  conveniently  penments  on  this  subject  are  those  of 
fixing  the  tube  in  the  cover,  but  they  are  De  Luc,  in  1762,  published  in  his  in- 
of  little  comparative  importance.  Some  teresting  Recherches  sur  les  Modiflca- 
prefer  plunging  the  ball  into  the  water  tiofu  de  VAtmotphere,^  which  woe 
to  the  depth  of  two  or  three  inches :  in  extended  and  verified  by  Sir  Greorge 
this  case  there  is  no  necessity  for  a  plate  Shuckburgf  in  1775  and  1778.  £m- 
of  metal  on  the  chinmev,  nor  for  the  ploying  lieaumur*s  scale,  De  Luc  as- 
tightness  of  the  cover ;  but  the  adjust-  certained,  that  if  y  represent  the 
ment  of  the  boiling  point  is  to  be  made  height  of  the  barometer,  T  the  height  of 
for  the  barometer  at  29.50  inches.  To  the  thermometer  above  the  freezing 
those  unprovided  with  such  a  vessel  point,  expressed  in  hundredths  of  a 
the  following  method  is  recommended,  de^ee  of  this  scale,  when  immersed  ia 
Wrap  several  folds  of  linen,  or  flannel*  boiling  water;  and  a  the  constant  numlNr 

""—"■"""""■""""■"""■■"""■■"""""""■"""■**""  Vol.  L  388  ;  ToL  ii.  338. 

•  PUL  Xrsnt.  vol  liTil.  part  U.  ^YYi>kTi«M.^l.Uuc.  pwtii. 
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)387,  the  fbllowing  fimnula  will  ez- 
•ets  the  height  of  snch  thermometer 
hen  plunsred  in  boiling  water  under 
'ery  variation  of  barometric  pressure. 

,  as  expressed  in  the  more  usual  way 
considering  all  the  figures  after  the 
lex  as  decimals,  De  Lao*a  CormuU 
)uld  stand  thuf : 

99  X  100  ,  - 

— - —  logy- a- T. 

De  Luc*8  researches  and  his  formula 
B  reduced  to  English  measures,  and 
apted  to  Fahrenheit's  thermometer  by 
orsley,  in  a  valuable  paper  in  the 
iilosophical  TroMactiona  ;*  where  a 
3le  is  computed  for  the  direction  of 
tists  in  adjusting  the  boiling  point  It 
unnecessary  to  give  his  equation  of 
3  boiling  point,  ^ause  the  later  ex- 
riments  of  Shuckburj;,  and  of  the 
>mmittee  of  the  Royal  Society,  enable 
to  present  a  more  complete  table  for 
3  direction  of  British  artists  in  cor- 
ding the  height  of  the  boiling  point  in 
ery  ordinary  fluctuation  of  the  baro* 
.•ter. 


BMwnctrr  vhca  Um  faoUliiK 
wlat  U  fbuad  bjr  Imaanion 

n 

Cfwctloa   la 
1000tlu«rtlMln« 
tcrral     Imcmhi 

BtMB. 

Water. 

30-60 

AvniBf        aad 
lwllli«arvaifr. 

10 

•50 

9 

30*7  i 

•41 

6 

•50 

•29 

7 

•48 

•18 

6 

! 

•37 

•07 

5 

•25 

•95 

4 

•14 

•84 

3 

•03 

•73 

2 

29-91 

•61 

1 

•80 

•50 

0. 

•69 

29^39 

) 

•58 

•28 

2 

•47 

•17 

3 

•36 

•06 

4 

•25 

28-95 

6 

J 

•14 

•84 

6 

1 

•03 

•73 

7 

28*92 

•62 

8 

•81 

•51 

9 

•70 

10  J 

•59 

1 

The  use  of  this  table  requires  no  fbr- 
nr  explanation :  but  it  ia  neoenaiy  to 
nark,  that  it  presupposes  the  thenno- 
!trictul)e  to  be  cylmaricaU  or  of  equal 

•  VoL  Isi?.  fWtL 


dimensions  throughout,  before  the  indi- 
cations of  the  table  can  be  received  as 
quite  correct;  yet,  unless  the  irregularity 
of  the  tube  be  considerable,  a  snuut, 
correction  will  scarcely  produce  any 
sensible  error  in  the  instrument. 

In  proportioning  the  bulb  to  the 
tube,  tne  eye  and  experience  of  the  artist 
are  usually  judged  sufficient  for  the  pur- 
pose I  or  they  are  copied  as  nearly  as 
Dossible  from  standard  yistruments. 
M.  Durand  has,  however,  thought  it 
necessary  to  propose  an  algebraic  for- 
mula for  determining  the  proportions 
they  ought  to  bear  to  each  other ;  but 
there  are  practical  difficulties  in  the  way 
of  its  application,  which  render  his  for- 
mula an  exercise  rather  of  his  own 
ingenuity  than  of  utility  to  the  artist 

During  the  various  improvements  of 
the  common  thermometer,  the  air  ther- 
mometer was  almost  wholly  neglected 
until  of  late  years ;  but  the  attention  of 
philosophers  was  directed  to  the  changes 
of  bulk  which  9olid$  undergo  by  altera- 
tions of  temperature,  as  a  measure  of  the 
relative  de^ees  of  heat. 

Chaptxr  II. 

Hiitory  and  Construction  of  Pyro- 
meters, 

1.  Thb  impracticability  of  applying 
the  known  modifications  of  the  tnermo- 
meterto  bodies  much  heated,  induced 
the  celebrated  Musschenbroek,  before 
the  middle  of  the  last  century,  to  employ 
the  expansions  of  solid  rods  of  metal  to 
indicate  the  temperature  of  such  bodies ; 
and  he  gave  the  name  of  pyrometer  to 
his  invention. 

As  the  expansions  of  solids  are  ex- 
tremely minute,  it  was  necessary  to 
devise  some  method  of  rendering  them 
perceptible  ;  and  the  mechanism  repre- 
sented iny^.  8  was  the  Dutch  philoso- 
pher's arrangement  for  this  purpose, 
a  is  a  metallic  prism  5.8  inches  in  length 
and  0.3  in  thickness,  resting  in  a  notch 
in  the  upright  t,  where  it  is  secured  by  a 
screw,  and  heated  by  the  lamp  b  with 
five  wicks.  The  prism  is  pinned  to  the 
end  of  a  bar  c,  which  has  twenfy-five 
teeth  in  one  inch  of  its  length,  and  forms 
a  rack  sliding  smoothly  on  the  table  of 
the  instrument  through  the  two  holdfasts 
■een  in  the  figure,  and  playing  in  the 
six-leaved  pinion  d  on  the  same  axis  as 
the  wheel  /,  which  is  furnished  with 
sixtjr  teeth.  This  wheel  plays  in  anothsst 
pinion  e,  of  nxleaxei  «iao,  f<VA!(2tw  \%  ^xw 
the  uda  carrpD^  \bA  V&Ajsl  ^^  xCtAs^ 
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mom  round  the  circle  A,  ^vided  into 
300*.  The  consequence  of  thbiuTaojre- 
ment  is,  that  if  the  expansion  of  th£ 
mptal  were  to  push  the  ra«k  e  one  inch 
fbrward,  it  would  turn  the  pinion  ^4^ 
tiinei  round ;  and  the  nheel/,  moving 
ai  the  same  rate,  will  carrv  the  pinion  e. 
Mid  consequently  the  index  (10  x  4i) 
=  41  j  round.  Hence  the  index  would 
hare  moved  over  (4 11  x  300),  or  12,500 
difinons  of  the  sctUe ;  or  each  degree 
of  the  instniment  is  equivalent  to  itln 
ofkn  inch  of  the  expansion  of  the  prism 
a.  Similar  pisms  of  di&rent  metals 
^iplied  in  like  manner  to  the  instru- 
inent,enabledMusschenbroek  to  measure 
the  different  expaniibility  of  steel,  iron, 
copper,  brass,  and  lead,  with  considera- 
ble accuracy  :*  but  there  is  always  some 
uncert&inly  in  the  movementii  of  so 
many  loosely  connected  teelli  and  pini- 
ons ;  and  this  pyrometer  was  improved 
by 

2.  Desaj;^icrs,t  who  instead  of  pnsms 
substituted  cylinders,  as  wires  are 
more  easily  procured  than  prisms  of 


equal  dimenraons.  For  the  first  miuon 
he  employed  steel  slightly  roughened 
by  the  file  in  the  same  lUrection  as  the 
teeth.  Thus  a  more  equable  motion 
was  given  to  the  instrument  The 
toothra  wheel  and  second  pinion  were 
supplied  by  a  wheel  and  roller,  having 
firooves  in  their  circumference  for  re- 
ceiving a  watch-chain,  by  which  motion 
was  communicated  to  the  index.  The 
dial  plate  was  square  and  movable,  in 
order  to  stretch  the  watch-chain  as 
tliere  might  be  occasion.  A  thin  plate 
of  rough  steel  iVk  inch  wide,  stighUy 
convex  towards  Uie  first  roller,  was 
substituted  for  the  rack ;  and  this  last, 
which  in  Musschenbroek's  pyrometer 
was  made  to  travel  lightly  over  a  small 
bit  of  fine  watch-spring,  moved  in 
Desaguliers  over  a  well  constructed  fric- 
tion wheel,  or  roller. 

These  changes  improved  the  delicacy 
of  the  instrument  very  consideralijy  ; 
but  it  soon  underwent  other  modifica- 

3.  The  pyrometer  of  Mr.  John  Ellicot, 


of  London,  is  seen  in^.  9,  o  a  is  a  mahcwany  sole,  to  which  the  three  brass 

Xat  piate  of  brass  screwed  to  a  thick  uprights  i  Aft  are  firmly  attached 

•  iWin  Acai~dei  Ciinmto  "^^  pyronietric  pieces  consist  of  two 

^I>uafiili>r-(£ijwriii«BtftlPliihMOchT,i.ttl.  Tac\d^  \»n-.  >^  %«L  one  cc  it  of 
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compared  together.  Its  extremity  to 
the  right  pusei  through  a  hok  in  the 
upright,  and  it  fixed  to  e.  tpring  Tihicb 
may  be  tightened  bj  the  screw  m.  Its 
other  ex&emity  is  free,  and  presses 
against  a  mini  on  the  ucii  of  the  lerer 
/  The  other  bar  «  a  is  a  iniini  of  any 
metal,  the  right  end  of  which  rests  on 
the  end  of  the  screw  /,  while  its  other 
bean  on  a  snail  on  the  axis  of  the  lever 
h.  When  the  ban  are  expanded  by  the 
heat  of  the  spirit  lamp  g,  they  move 
the  levers,  to  each  of  which  is  attached 
a  slender  watch-chain:  the  chain  from 
the  lever  /  passes  round  a  pulley  J 
inch  in  diameter,  fixed  on  tne  axis 
round  which  the  inner  graduated  circle 
t  of  the  dial  moves ;  the  chain  from  the 
lever  A  passes  round  a  similar  pulley 
on  the  axis  of  the  index,  as  seen  in  the 
figure ;  and  the  expansions  of  this  bar 
are  marked  by  the  index  on  the  fixed 
outer  circle.  Both  pulleys  have  a 
thread  wrapped  round  them  in  a  con- 
trary direction  on  each,  and  then  pass- 
ing over  the  pulleys  at  o  to  the  weight 
k,  which  acts  as  a  counterbalance  to 
bring  back  the  index  and  movable 
circle  as  the  bars  cooL  The  index  and 
(jircle  are  both  adjusted  to  the  be- 
frinning  of  their  scales  by  means  of  the 
screws  I,  m,  at  the  commencement  of 
each  experiment;  and  when  the  tem- 
perature applied  expands  the  standard 
biir  to  a  given  degree,  as  indicated  on 
the  inner  circle,  the  index  will  show  on 
the  outer  circle  the  relative  expaosi- 
bilitjr  of  whatever  metal  is  applied  to 
tlii>  instrument  at  e  e.* 

This  instrument  was  chiefly  intended 
by  its  ingenious  inventor,  a  chrono- 


inetals  usually  employed 
struction  of  pendulums ;  an  important 
object,  for  which  many  of  the  best  py- 
rometers have  been  devised. 

In  this  instrument  the  dial  is  about 
three  inches  In  diameter ;  the  levers 
two  inches  and  a  half  in  length,  and 
tl)e  proportions  of  the  several  parts 
Ruch  that  the  expansion  of  ^  inch  in 
the  bar  will  move  the  index  whoUv 
round  the  circle ;  or  each  d^ree  will 


•  TUi  donipliM  u  tnkti  tnm  u  sri(iul » 


tained  the  foDowing  to  be  the  relative 
expansions  of  seven  metals : — 

StHt.  Im.  nold.  Copiar.  Btul  Bilm.  LrU. 

56  60  73  89  95  103  149* 
which  is  more  nearly  in  the  ratio  of  the 
eonduetirtg  poteer  of  the  different  me- 
tals, than  of  any  other  of  their  physical 
properties. 
4.  In  the  44th  volume  of  the  P/iilo- 

Jhical  TratuactiOTu  is  a  description 
another  pvrometer  by  Dr.  Cromwell 
Mortimer,  which,  thougn  less  accurate 
and  convenient  than  EUicofs,  is  worthy 
of  notice,  especially  as  it  may  be  em- 
ployed to  show  the  alterations  of 
atmospheric  temperature, 
a,  b,fg  10  )s  a  round  rod  of  brass 
Fig.  10.  \  -=^ 
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feet  long:,  its  upper  extremity  temii- 
nating  in  a  haraened  steel  pmnt  one 
inch  more  in  length*  and  entering  a 
hole  in  a  sted  plate  on    the  under 
side  of  the  lever  e,  while  its  lower 
end  rests  on  a  point  attached  to  the 
metallic  plate  at  d    c^d  zie  plates  of 
iron  joined  at  d,  and  at  di£Perent  other 
points,  as  in  the  figure :  at  x,x  they 
are  tiimed  half  round,  to  allow  (he 
application  of  heated  bodies,  as  sand 
or  watf  r,  to  the  bar,  which  is  immersed 
in  the  heated  bodies  to  a  certain  mark 
as  at  b.    In  the  original  instrument 
this  mark  was  at  li  inch  from  the 
bottom :  e,/  is  a  lever  moving  round 
an  axis  in  g,    A  string  from  the  end  of 
its  longest  arm  passes  twice  round  the 
pulley  h,  and  is  kept  tight  bv  a  weight 
t  of  ilb.,  while  there  is  another  weight 
/,  at  the  short  arm  of  the  lever,  suffi- 
cient to  counterbalance  the  weight  of 
the  longer  arm,  and  to  keep  the  point  a 
in  close  contact  with  the  lever,    m,  n,  o, 
a  did,  of  which  the  face  is  seen  at  B, 
graduated  to  correspond  to  Fahren- 
heit's and  Reaumur^s  degrees,  which 
are  indicated  by  an  index  fixed  on  the 
axis  of  the  pulley  k.    The  frame  of  the 
instrument  is  of  oak.    The  lever  fi^m 
«  to  o  =  4  inches  ;   from  a  to  ^  =  1.5 
inch ;    from  g  to  /=  12  inches  ;  the 
pulley  =  0.5  inch ;  the  dial  =  1 1  inches 
m  dhometer.     In  the  original  the  melt- 
ing point  of  different  substances  is  in- 
dicated by  their  chemical  signs   in  the 
outer  circle  of  the  dial. 

This  instrument  appears  to  have  been 
of  considerable  delicacy,  and  to  have 
marked  minute  changes  of  atmospheric 
temperature  very  readily :  but  the  size 
is  inconvenient ;  and  it  must  now  be 
regarded  rather  as  an  instrument  of 
curiosity  than  utility. 

5.  The  mrometer,  figured  11,  the 
invention  of'^  Mr.  Froteringham,  a  Lin- 
coln grazier,  combines  simplicity  with 
considerable  delicacy.  It  was  also  in- 
tended to  indicate  the  changes  of  at- 
mospheric temperature,  a,  a  is  a  bar 
of  iron  four  feet  long  and  1  j  inch  wide, 
having  a  polished  brass  surface  screwed 
to  it  with  steel  screws,  which  are  fitted 
to  short  slips  in  the  brass  that  allow  the 
expansion  of  the  iron  bar,  without  that 
of  the  brass  ornamental  surface,  to 
affect  the  hardened  steel  apex  6.  This 
apex  moves  the  lever  r,  which  raises 
the  lever  d;  both  turning  on  well  made 
central  disks.  A  chain  from  the  ex- 
tremity of  the  lever  d  is  lapped  twice 
round  the  pulley/  on  the  axis  of  the 


Fig.U. 


index,  which  moves  round  a  graduated 
circle  g.  The  counterpoise  i  brings 
back  the  index  as  the  levers  fall.  The 
screw  A  is  for  adjusting  the  index  to 
the  beginning  of  the  scale.  It  is  very 
obvious  that  such  an  instrument  would 
be  capable  of  showinjE;  the  expansions 
of  the  bar  in  proportion  to  the  differ- 
ence between  the  arms  of  the  levers  ; 
and,  it  is  said,  that  the  original  in- 
strument, in  the  libraiy  of  a  philoso- 
])hical  society  at  Spalding,  indicated 
the  changes  of  the  heat  of  the  weather 
with  gi*eat  precision.* 

6.  All  these  instruments,  however, 
yield  in  accuracy  to  the  invention  of  the 
celebrated  Smeaton,  which  is  described 
in  the  Philos'tpht'cal  Transactions  .-^ 

In  this  instniment  the  expansions  of 
the  metallic  bars,  heated  by  water,  are 
measured  by  means  of  a  micrometer 
screw ;  a  principle  which  had  been 
before  employed  by  the  great  chrono- 
meter-maker Graham,  for  the  adjust- 
ment of  the  rods  of  a  pendulum. 

From  the  principle  of  its  construc- 
tion, this  instrument  is  called  the  Mi- 
crometer-Pyrometer,/^. 12. 

The  basis  of  this  instrument  a,  b,  r,  d 
is  of  solid  brass,  which  was  chosen  as 

•  Phil.  Trans.  toI.  xIy.  p.  125. 
\  'e^Al.  Tt%ia,  xqU  xlriiu  p.  4S7. 
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of  a  mean  expansibility  BmonK  Ihe  me- 
tdls.  f/  ia  the  linr  to  be  measured, 
resline  on  two  note-lies,  one  attached  to 
the  fixed  upru;ht  a  b,  and  the  other  to 
the  princiDal  lever  A  t.  A  is  a  strung; 
artior  fixtja  to  the  baais,  and  intended 
to  receive  the  ends  of  two  screws  A,  /, 
upon  which  the  principal  lever  h,  i 
turns;   o  is  a  slender  steel  spring  in- 


rod  to  support  the  lever,  when  the  bar 
is  removect  (  is  called  the/fgter;  it  is 
in  the  form  of  the  letter  T,  and  is  sus- 
pended freely,  but  without  shake,  be- 
tween the  points  of  the  screws  m.n.  q 
ia  the  handle  of  the  teeler,  which  is 
movable  on  a  loose  joint,  so  that  the 
feeler  may  be  moved  by  the  handle 
without  beinj;  irregularly  affected  by 
the  pressure  of  the  hand.  The  priaci' 
pal  part  cf  the  instrument  is  c,  the 
micrtmieter  screw,  and  w  the  graduated 
tarcleor  imlex-plate  fixed  on  tlie  screw, 
which  indicates  Ihe  revolutioQS  of  the 
•crew  on  the  index  v.  The  micnaneter 
screw  passes  through  two  solid  heads 
perforated  by  a  corresponding  screw; 
the  piece  y  >  is  made  somewhal  springy, 
and  tends  to  draw  the  micrometer  screw 
backward  from  d ;  by  which  its  threads 
press  uniformly  against  the  correspond- 
ing threads  in  the  holes,  and  keep  tlie 
motion  equable  and  easy. 

When  the  instrument  is  used,  its 
basis  and  the  bar  are  immersed  in  a  tin 
vessel  containing  water,  as  marked  by 
the  dotted  line,  which  is  heated  by  se- 
ven lamps  applied  below.  Ttie  vessel 
is  provided  with  a  cover ;  and  a  deli- 
cate mercurial  thermometer  ia  sus- 
pended in  the  water.  Ear  tegulatins  and 
MCfrlMning  U»  taB^antuit  ■nipped. 


which  is  not  intended  to  exceed  that  of 
boilin;;- water. 

The  expansion  of  the  bar  presses  the 
lever  and  feeler  towards  the  end  of  the 
micrometer  screw,  which,  as  well  as  the 
extremity  of  the  feelur,  is  tipt  with  har- 
dened steel.  The  handle  q  is  laid  hi^d 
of,  and  l)y  it  the  feeler  is  moved  up  and 
down,  while  the  screw  is  turned,  until 
its  steel  point  comes  in  contact  with  the 
end  of  the  screw.  Mr.  Smeaton  found 
that  hecould  judge  of  that  contact  more 
Bccuralely  by  the  ear,  tiian  iiy  the  ejra 
or  the  touch. 

The  turns  of  the  index-plate  counted 
by  its  edge  and  the  divisions  of  the 
index,  show  the  expansion  of  the  bar; 
and  its  length  when  cool  may  be  found 
in  the  same  manner,  either  before  or 
after  the  experiment  above  de9crit>ed. 
la  this  instrument  the  bar  acts  against 
the  centre  of  B  lever  of  the  second  order, 
the  fulcrum  of  which  is  in  the  basis ; 
and  when  both  are  expanded,  the  free 
exb-emity  of  the  lever  moves  through 
a  ^ace  double  of  the  difference  betweoi 
the  expansion  of  the  bar  and  of  the 
baais :  nence,  when  we  know  the  lengUi 
of  the  lever  fhim  its  axia  to  the  point  of 
suspension  of  the  feeler,  the  Oistance 
from  that  axis  to  the  point  of  contact  of 
the  bar,  the  numlier  of  threads  of  the 
micrometer  screw  in  an  inch,  and  the 
number  of  degrees  on  the  circumference 
of  the  index-plate,  we  can  compute  the 
value  of  these  degrees  in  fractions  utan 
inch.  In  the  original  pyrometer  the 
following  were  the  proportions : 
From  axis  of  lever  to  point  of   i 
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lulcnim  to  point  rS.  cmftaiA.  'L.W^S 

Length  of  TUthKsAa(<.tti«wx««  %A.%% 
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HeuM  (lieTihie  of  eibh  dmikm  of 
ihB  indez-pUte  will  s  jfA^  of  an 
iiioh ;  and  as,  when  the  inrtrument  was 
wdl  a4iaated,  the  difljerence  of  contact 
was  very  peveqitible  when  the  screw 
was  mom  through  i  of  a  division,  the 
itj«|th  of  an  indi  of  expansion  was  de- 
teminable  by  this  pyrometer,  with  which 
Mr.  Smeafton  asoenained  the  expansi- 
bil^  of  many  solids. 

Ine  followmg  table  is  the  result  of 
his  exf^eriments,  showing  in  10,000dths 
of  an  inch  the  expansion  of  rods  of 
difllnrent  kinds  of  matter,  in  passing 
from  the  freesing  to  the  boiling  point  of 
water. 

White  glass  barometer  tube      .    .  100 
Martial  regulus  of  antimony     •    .130 

Bistered  steel 138 

Hard  steel 147 

Iron 151 

Bismuth 167 

Co|q[ier  hammered 204 

Alloy,  8  copper,  and  1  tfai    .    .    .  218 

Cast  brass 225 

Alloy,  brass  16,  tin  1 229 

Brass  wire 232 

Telescope  speculum  metal    .    .    .  232 
Alloy,  2  brass,  1  zinc      ....  247 

Fine  pewter 274 

Grain  tin 298 

Soft  solder,  2  lead,  1  tin  .    .    .    .301 
Alloy,  8  zinc,  1  tin,  slightly  ham- 
mered      323 

Lead 344 

Zinc 353 

Zinc  hammered  out  1  inch  per  foot  373 

These  expeiiments  correspond  as 
nearly  with  the  results  obtained  by 
Ellicot,  as  the  di£Perence  of  the  insbru- 
ments  admit  They  introduced  a  pre- 
cision hitherto  unknown  in  the  law  of 
expansion  of  solid  bodies  |  and  are  still 

E'edwith  approbation  m  those  nice 
lisitions  which  have  pav^  the  way 
e  perfection  of  horology,  and  the 
modem  refinements  in  geMestoal  ope- 
rations, while  they  have  extended  our 
knowledge  of  the  effects  of  heat 

7.  The  metalline  thermometer  of  Mr. 
Keane  Fitzgerald  comes  next  in  order 
of  time ;  but  it  is  chiefly  applicable  to 
mark  the  alterations  of  atmospheric  tem- 
perature. Its  general  construction  will 
be  readily  learnt  from  yf/v*.  13.* 

The  basis  of  the  instrument  is  a  piece 
of  well  seasoned  deal,  on  which  a  system 
of  levers  is  fixed ;  a  a  is  the  pyrometric 
bar,  2  feet  long,  the  upper  extremity  of 


whidi  bears  against   the  fulcrum  s« 

Fig.  13. 


•PkilTra^vol.  i.F.6Si 


while  its  other  end  rests  on  a  small 
hemisphere  of  metal  on  the  short  arm  of 
the  lever  b.  The  long  arm  of  tlus  lever 
is  2i  times  as  long  as  the  other ;  h  is 
joined  \)y  a  pivot  to  the  rod  c,  2  feet 

2  inches  in  length,  which  bears  against 
the  short  arm  oid,  and  the  long  arm  of 
il  is  2|  times  as  long  as  the  former. 
The  rod  e  is  2  feet  4 .  inches  long,  and 
is  jointed  to  /,  as  in  the  figure.  The 
long  arm  of /is  4  times  the  length  of 
its  short  arm,  and  terminates  in  a 
slender  arch-head,  which  is  attached  to 
the  lower  end  of  the  rod  £  by  a  watch- 
chain,  as  in  the  figure.    This  last  rod  is 

3  feet  long,  and  is  kept  peipendicular 
by  sliding  between  two  fhction  rollers 
f>,  V,  its  connection  with  the  arch-head,  its 
suspension  from  the  lever  y,  and  its 
friction  on  the  pulley  h.  The  weight  of 
the  levers,  &c  is  counterbalanced  by 
the  springs  m  and  o,  and  the  spring  of 
y  is  nearly  neutralized  by  the  pressiure 
of  or.  The  pulley  h  is  fixed  at  2  feet 
6  inches  from  the  lower  end  of  g^  and 
is  3  inches  in  diameter.  Two  cords 
hxed  to  the  spring  q^  pass  twice  round 
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the  pulley  A  in  different  ways,  uid  thence 
Ko  over  the  puUiei  at  /,  respectively,  1 
inchand^inch  in  diameter.  These  last 
are  put  on  the  common  tixes  of  the 
indices  A,  /,  in  the  laine  manner  as  the 
hand«  of  a  clock.  The  face  of  the  dial 
i«  12  inches  in  diameter,  and  from  the 
construction,  the  index  I  ranges  -18 
times,  end  theindexA  12  timesas  much 
as  the  bar  ^.  The  dia]  has  on  it  Ihiee 
circular  scales;  the  inner  is  divided  into 
24  0°,  corresponding  to  those  of  Fahren- 
heit's Ihermometcr ;  the  middle  is  di- 
vided into  360° ;  and  the  outer  intu 
lOSO  parts,  marking  18  for  each  de§7e« 
of  the  thermometer,  and  12  for  eadi 
decree  of  the  circle. 

This  bstrument  may  be  used  W  tt 

Eyrometer  in  low  temperatures ;  for  the 
ar  a  is  removable ;  and  from  the  con- 
struction, each  division  of  the  outer 
circle  is  equivalent  to  an  expansion  of 
T,l,,thofthebar. 

Used  in  this  way,  Mr.  Fltigerald  in- 
forms us  that  the  oUatations  of  metallic 
bars  2  feet  lonj;.  at  the  same  tempos- 
ture,  were  as  follows : 

=  1S70 
.  =  13S0 
.  =  1120 
.  =  7SS 
.  =    695 

which  agrees  pretty  well  with  the  ex- 
periments of  Smealon  and  Ellicot. 

When  used  as  a  thermometer  the  in- 
dex k  marks  7-1  divisions  in  passing  from 
the  usual  extremes  of  temperature  in 
our  climate,  and  212  divisions  from 
freezing  lo  boiling  water. 

Mr.  Fitigerald  experienced  some 
difficulty  in  proportioning  the  strength 
of  the  springs  lo  the  weight  sustained 
by  the  levers,  and  he  improved  the  in- 
strument by  the  adoption  of  pulleys  and 
counterpoise  weights,  as  in  ^.  14, 
wliich  he  ingeniously  converted  mto  ■ 
register  thermometer,  by  adapting  two 
light  index  hands  a,  a,  fixed  to  two 
bra^s  circles  moving  between  friction 
wheels,  attached  to  a  fixed  circle  d. 
They  were  so  nicely  fitted 


posit E  directions,  by  a  small  stud  in  tAe 
under  surface  of  the  index  /,  which  re- 
fwives  its  motion  from  a  cord  passing 
from  the  pulley  h  round  a  small  wheu 

This  alteration  of  the  instrumentwaa 
intended  only  to  note  the  change*  of  the 
atmosphere,  which  it  seems  to  have  don; 


with  much  ddicaey ;  for  it  had  a  range 
Fig.U. 


Spelter  or  linc  .  .  .  . 
Zinc  IS,  coppers  parts  . 
Brass 

Steel 


of  72  inches  from  the  common  changes 
of  the  heat  of  the  weather  in  London ; 
and  it  would  show  an  alteration  amount- 
ing to  SO  or  GO  decrees  of  its  scale,  when 
the  pyrometric  bar  of  the  instrument 
was  five  or  six  times  breathed  upon.* 

8.  In  Fergusons  Leeturet  two  pyro- 
meters, the  mvention  of  that  ^at  self* 
taught  mechanician,  are  described. 

ng.  1 9  was  merely  intended  to  exhibit 
to  his  audience  theexpansions  of  bodiea 
t^  heat,  yet  is  worthy  of  notice. 

o  a,  a  mahogany  board,  on  which  >n 
fixed  four  brass  studs ;  of  these  b  sup- 
ports a  screw  for  adjusting  the  pyro- 
metric bar/,  which  rvsts  in  notelies  in 
the  studs  c  d.  The  extremity  of  the  bar 
presses  against  the  crooked  leverf, which 
acts  on  the  index  t  i ;  the  stud  e  holds 
the  spring  A,  which  brings  back  the  in- 
dex when  the  bar  cooU.  The  lever  ,f 
(of  the  second  order)  has  the  portion 
between  the  point  of  contact  of  tbt 
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W.  and  where  it  (ouches  the  index  20 
timei  Bs  long  as  the  space  between  Ihe 
point  of  the  bu  and  its  ftilcrum  ;  and 
Qie  space  between  the  end  of  the  lever 
and  tile  free  end  of  the  index  is  just  20 
times  the  leni,rth  of  that  between  the 
point  of  the  lever  and  the  axis  of  the 
index;  hence,  when  the  bar  expands 
i),th  of  an  inch,  1he  point  of  the  index 
will  have  moved  over  (20  x  20)  =  400 
times  as  much  space,  or  one  inch  ;  or 
if  the  bar  expand  ^  o^iu^  "^  ^n  inch,  the 
index  will  move  ;'alh. 
The  scale  is  divided  into  inches  and 


tenths;  and  tbe  mere  ftietion  of  (he 
bar  /,  which  is  removable  at  pleasure, 
with  a  piece  of  flannel  till  it  becomes 
sensibly  warm,  will  be  sufficient  to  show 
variations  of  the  index.  Fei^son  states 
that  it  gave  the  following  results  :— 
with  bars  of  iron  and  steel,  3  ;  copper, 
4J ;  brass,  S  ;  tin,  6 ;  lead,  7. 

9.  In  the  supplement  to  his  lectures 
there  is  however  a  mueh  more  delicate 
pyrometer  described,  (y^.  Ifl,)  whidi 
will  show  the  expansion  of  a  bar  of  me- 
tal to  the  T<l,.,i.tn  of  on  inch,  or  even  to 
the  90,00Dth. 


The  frame  a  1/  is  of  mahogany,  sup.  The  manner  in  which  this  short  lever 

ported  on  short  pillars,  so  as  lo  nilinit  a  acts  on  Ihe  index  is  seen  in  the  adjoining 

fiunptrndiTit  lorhealini;  thebar/;  one  dia^am  A,  where  A  is  the   sliort  )t-v« 

end  ofnhich  lies  in  a  cavity  in  lliepiece  that  moves   under   the  dial  d  tietween 

of  metal  y,  and  the  other,  after  passing  friction  wheels.    On  the  side  of  ft  are 

on  a  friction  wheel  over  the  cross-bar  IS  teeth  in  the  space  of  one  inch,  which 

A  A,  presses  against  the  short  lever  e  e.  [day  in  tbe  twelve  leaves  of  the  pinion 
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/  on  the  Kxii  of  the  nhed  m  m.  lliu 
wheel  has  round  it*  circumference  100 
teelh,  which  work  in  the  ten  leaves  ot 
the  pinion  n,  on  the  sxii  of  the  wheel  o 
of  100  teelh,  that  gives  motion  to  the 
pinion  p  of  ten  leaves,  on  the  atii  of 
which  the  index  ii  fixed. 

As  the  wheek  ffl  and  n  have  each 
100  teeth,  and  the  pinioni  r  and  p  ten 
leavei,  it  ii  abvioui  that  when  the  wheel 
m  hu  made  one  revolution  the  pinion 
p,  uid  of  course  the  index,  will  have 
made  1 00  revolutions ;  as  the  pinion  I 
has  twelve  leaves,  and  the  bar  i  k  has 
flfleen  teeth  to  one  inch  (equivalent  to 
12])  it  is  obvious  that  while  t  A  moves 
one  inch  the  pinion  p  will  have  moved 
100+1  or  129  times  round,  and  the  in- 
dex would  at  the  same  time  l)e  carried 
115  times  round  the  circle  dd.  This 
circle  is  enduated  into  36Ud«{Tees,  and 
beinz  eleven  inches  in  diameter,  it  is 
subdivided  into  half  deirrees.  Hcnoe 
each  de|;ree  of  that  circle  will  be  equi- 
valent to  Ml  expansion  of  I'^a  x  360 
=  iiligth  of  an  inch  of  expansion  in 
the  bar/;  and  as  the  half  det^>es  can 
readily  be  distin^ished  on  the  dial,  the 
instrument  will  show  espaniions  only 
ftmounling  to  (itnth  part  of  an  inch. 
A  silk  thread  is  severnl  times  wound 
round  the  axis  of  n  and  passes  to  the 
slender  spring  «,  which  keeps  tlie  teeth 
of  the  pinions  and  wheels  in  dose  con- 
tact, and  pulls  back  the  train  of  wheels 
when  the  cooline  of  the  bar  /  allows 
the  short  bar  i  A  lo  recede. 

The  inner  circle  of  the  dial  is  divided 
into  ei);ht  parts,  correspondint;  to  so 
many  thousandths  of  an  inch  in  llie  ex- 

Sansion  of  the  bar/,  or  i^gth  ofaniiich 
ir  each  dejrree  of  the  outer  circle  over 
which  the  index  has  moved.  Bars  of 
ditf'erent  metiils  lud  in  ^  for  a  ^iven 
time,  and  exposed  to  tlie  same  lamp, 
aficrd  sn  indication  of  their  relative  ex- 
pansibility;  and  to  ensure  equality  in 
the  hain  it  is  recommended  to  have 
them  wire  draim  llirou^h  the  same 
hole.  There  is,  however,  io  this  instru- 
ment no  accurate  measure  of  the  tem- 
perature applied  to  each  bar;  and, not- 
withstanding the  delicacy  of  the  move- 
ment, it  seems  interior  to  Ellicot's 
pyrometer,  as  it  wants  a  constant  and 
unit'orm  standard  liy  which  to  compare 
the  expansions  in  each  separate  experi- 

10.  A  new  method  of  ascertaining  the 
expansibili^  of  difierent  substances  was 
suggested  1^  the  late  Mr.  Jesae  Rama- 
dra,  ftod  on  bii  hint  it  vai  attempted 


b;  the  inicenious  and  indefatigable  De 
Luc,  whose  researches  on  the  barometer 
gave  this  subject  an  increased  interest 
to  his  mind.  The  object  in  view  was  to 
determine  tlie  relative  expansion  of  so- 
lids bv  observation  witli  a  microMinpe 
fiimished  with  n  micrometer.  The 
microtcopic  pyromeler  of  De  Luc  is 
seen  in  ftg.  17,  where  a  b  represents  » 


%■  ir. 


strong  board  of  eren-frruned  deal ;  to 

which  the  frame  r  c  c  c  is  firmly  joined, 
that  when  u  6  is  suspended  vertically 
from  a  strong  post,  the  front  of  Ihe  in- 
strument l>caringthe  microscope  dd\s 
tonnrds  the  operator. 

Tlie  microscope  is  securely  united  to 
the  frame  hy  the  braces  e  e  and  Ihc 
cross-har /,-  and  the  whole  of  this  part 
of  the  apparatus  can  be  moved  up  or 
donn  by  the  slides  ^  (r,  which  fit  so 
lightly  on  their  centres  as  to  rciinire 
slight  blows  with  a  hammer  on  the 
frame  to  cause  them  to  move  down, 
and  may  he  further  tightened  by  the 
screws  iit.  The  microscojie  is  kept 
horiiontal  by  tlie  cross- pieces,  and  by  an 
inner  sliding  frame  not  seen  m  the 
figure.  The  microscope  is  so  adjusted 
that  an  object  is  distinctly  seen  when  a 
fuU  inch  from  its  lens ;  and  it  is  furnished 
with  a  micrometer,  movable  by  A,  for 
ascertaining  the  expansions  of  the  rods 
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eat  in  the  botid  a  6  to  the  front  of  the  tive  ezpanaons  of  solids,  flie  nnero* 

frame;  this  is  movable  by  means  of  icopk pifrtmuter of  Ramsden, oaahiyed 

the  screw  k,  and  is  permated^  by  b,  bj  that  eminent  artist,  for  determining: 

piece  of  coiJe  m  firmqr  driven  into  it  witti  the  utmost  possible  precision,  thS 

imtil  levd  with  its  lower  surfiace.    The  expansibility  of  the  rods  employed  by 

ooriE  is  then  pierced  vertically  to  receive  Qoieral  Roy,  in  the  geodesical  opera- 

the  slass  rod  o  o  o,  which  is  thus  sus-  tions  that  are  the  foundation  of  the 

penoied  in  a  thin  cylindrical  glass  jar  g[eat  trigonometrical  siurvey  of  Britain, 

p,  21    inches  hi^h,  and  4  inches  in  F^.  18  contains  plans  ana  sections  of 

diameter,  filled  vnth  water.    The  glass  this  beautiful  contrivance,  and  although 

rod  is  the  standard  of  comparison,  and  we  do  not  propose  to  enter  into  a  mi- 

to  it  is  attached  a  rod  t  #,  of  the  metal  nute  detail  of  the  different  parts  of  the 

to  be  tried,  by  two  connected  rings  r  r,  instrument,  a  general  description  will 

whidi  are  tightened  on  the  rods  by  two  show,  to  tiiose  who  have  not  consi- 

serews.    Another  set  of  rinss  v  is  ap-  dered  such  subjects,  the  nice  precau- 

plied  higher  up ;  but  throu^  this  the  tions  which  are  necessary  to  accuracy 

rod  9  $  freely  slides,  while  it  firmly  dips  in  like  operations,  while  it  explains  its 

the  glass  rod  by  means  of  a  screw.   A  construction.    Ramsden*s  pyrometer  is 

delicate  thermometer  hangs  in  the  centre  attached  to  a  strong  and  well  joined 

of  the  jar  p  to  note  the  temperature  of  deal  table,  or  frtune  5  feet  long»  28 

the  water,  which  is  occasionally  agitated  inches   broad,  and  42   inches    high ; 

to  secure  uniformity  of  temperature  by  of  which  an  end  elevation  is  seen  Jig. 

the  rod  qq.    A  syphon  z  to  draw  off  18,  B ;  the  plan  of  its  top  will  be  best 

the  water  completes  the  apparatus.*  understood  from  an  inspection  of  A. 

In  usin^  this  pjrrometer,  warm  water  a  b  and    c  d   are  troughs  of  deal, 

is  poured  into  tne  jar,  in  order  to  heat  (firmly  screwed  to  the  table)  3  inches 

the  rods ;  tiie  rods  are  adiusted  to  the  in  diameter,  and  a  little  longer  than  the 

focus  of  the  nucroscope  by  the  screw  ftume ;  a  b  projects  a  Uttte  over  the 

n;  the  thermometer  gives  the  degree  table,  but  6  d  is  in  a  line  with  the 

of  heat  employed;  and,  by  means  of  frame,  as  may  be  seen  at  B.    Each 

marks  on  tne  bars,  their  relative  ex-  trough  contains  a  cast  iron  prism,  \\ 

pansion  is  given  in  divisions  of  the  inch  on  each  side,  firmly  fixed  in  the 

micrometer,    the   value    of   which    is  troughs,  at  the  ends  a  and  c,  by  means 

known  by  previous  experiments.    The  of  brass  collars  embracing  the  prisms, 

connection  of  the  rods   is  more  dis-  and  tightened  by  screws  as  at  6,  while 

tinctiy  seen  at  A ;  but  it  is  unnecessary  the  ends  b  and  d  pass  freely  throu«;h 

to  give  a  more  minute  description  of  an  loose  collars,  without  any  shake,  when 

instrument  which  has  been  superseded  their  dimensions  are  altered  by  tempc- 

by  the  more  accurate  and  more  elegant  rature.    The  prism  a  6  is  called  the 

contrivance  of  Ramsden,  so  elaborately  eye  prism ;  because  it  carries  at  each 

detailed  by  Greneral  Roy,  to  which  we  end  the  eye-pieces  of  the  microscopes 

shall  presently  advert  Imn,  and  opr;  wliich  are  figured  on 

11.  From  experiments  with  this  instru-  a  larger  scale  at  F  and  E.  The  other, 
ment,  De  Luc  ingeniously  applied  a  cor-  prism  c  d  is  called  the  mark  prism; 
rection  to  the  s^e  of  oarometers  for  because  it  carries  at  one  end  the  mark  I, 
temperature,  by  what,  in  the  same  and  at  the  other  cross  wires  H;e/'is  a  cop- 
paper,  he  calls  "  metallic  thermome^  per  boiler  2|  inches  wide,  and  3}  deep» 
ters:"  The  scale  of  the  barometer  rather  shorter  than  the  wooden  troughs, 
was  fixed  on  a  bar  of  metal  of  known  The  centre  of  the  boiler,  or  rather  of 
expansibility,  so  as  to  raise  the  scale  in  the  object  lens  standing  perpendicular 
exact  proportion  to  the  expansion  of  to  it,  is  5.81  inches  from  the  cross 
the  mercury ;  and  thus  the  mere  in-  wires  of  the  mark  in  c  d,  and  20.33 
spection  of  the  barometric  scale  will  inches  from  the  wire  of  the  micrometer 
give  the  true  height,  without  the  trouble  attached  to  the  corresponding  eve -piece, 
of  applying  the  equation  or  formula  of  The  boiler  rests  on  five  small  rollers, 
correction  for  temperature,  as  in  ordi-  seen  in  the  enlarged  section  D.  The 
nary  observations.  boiler,  like  the  trouj^hs,  has  a  cock  to  the 

12.Wecomenowtocertainhr  the  most  right  hand;   and  in  the  plan  A,  it  is 

complex,  but  the  most  perfect  of  all  represented  with  a  bar  in  it,  to  show 

contrivances  for  determining  the  rela-  the  position  of  the  rods  to  be  tried. 

■  The  water  in  the  boiler  is  heated  by  the 

•  PhU.TraM.ToLiiTiiLpeTti.p.437.  12  spirit  lamps  ^5^5-^,  standing  onfouF 
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movafala   ibdves,  and  ■howinff  only  tliat  prisni ;  the  eve-]nece»  in  like  man- 

their  handles  hhh  h^  when  under  the  ner,  may  be  movea  alongthe  eye  fnism ; 

boiler.  but  the  object  lens  tube  wag  left  in  the 

The  boiler  contains  another  essential  rings  of  the  slide,  and  another  lens  of 
part  of  the  apparatus,  viz,  two  brass  the  same  focus  was  clamped  to  the 
sUdes,  composed  of  two  cheeks,  kept  cheeks  of  the  slide  at  suitable  distances* 
at  equal  distances  by  cross  bars  as  m  Hie  standard  prisms,  during  each 
C,  where  a  prism  or  bar  is  r«>resented  experiment,  were  kept  at  the  freez- 
as  resting  in  the  centre  of  the  slides,  ing  temperature,  bv  ^)^d&  ^~ 
The  long  slide  reaches  from  microscope  rounded  with  pounded  ice.  The  mi- 
to  microscope,  and  has  its  cheeks  1|  croscopes  were  then  accurately  ad- 
inch  deo).  it  is  attached  to  the  boiler  justed  to  the  marks,  by  bringing  the 
only  at  tne  point  to,  and  it  rolls  on  the  cross  wires  to  bisect  them,  and  until  this 
small  rdler  x,  near  the  left  hand  of  D.  was  accomplished,  the  rod  to  be  mea- 
The  right  hand  end  of  the  long  slide  is  sured  was  also  surrounded  with  ice. 
shut  up  by  a  piece  of  strong  brass  y,  y.  The  lamps  were  then  applied  to  the  boiler, 
supporting  two  rings,  for  the  part  n  of  and  the  elongation  of  the  rod,  at  the 
the  fixed  microscope.  The  short  slide  bmBng  heat,  was  ascertained  by  the 
Vf  Vt  f ,  Vt  is  only  14 1  inches  long ;  its  miorometer  attached  to  the  microscope 
cheeks  are  U  inch  deep,  kept  paraSel  by  o,  p,  n  In  these  delicate  investi^- 
braces,  as  seen  in  D.  It  moves  within  tions  there  were  two  observers,  who  si- 
the  long  slide ;  and  its  outer  end  rests  multaneousfy  used  both  microscopes, 
on  the  cylindrical  surface  of  the  last  lest  any  alteration  had  taken  place  in 
brace  of  the  long  slide,  fitted  to  receive  the  fixed  end  of  the  rod ;  and  to  ensure 
it,  while  a  narrow  longitudinal  bar  z  accuracy,  the  experiments  were  twice  at 
moves  freely  in  the  notch  of  a  bridee  least  repeated. 

B,  frtuned  mr  it  in  the  lon^  slide.    The       The  value  of  the  indications  of  the 

outer  end  of  the  short  slide  is  shut  up  micrometer,  on  which  so  much  depends, 

by  a  similar  piece  of  brass  to  that  clos-  was  previously  thus  ascertained : 
ing  the  opposite  extremity  of  the  long       Im  head  of  the  micrometer  screw 

one.    The  bar  or  rod  to  be  examined  »  o.9  inch  in  diameter,  and  was  divided 

abuts   against  the  piece  of  brass  y,  into  fifty  equal  parts,  each  of  which  was 

it  rests  on  the  three  rollers  a  a  8,\  inch  reckoned  two ;  and  they  were  therefore 

in  diameter,  and  is  kept  in  the  centre  of  numbered   to    100.     Fifty-five    revo- 

the  slides  by  three  milled  nuts  eee,  that  lutions  of  the  heail  were  found  equal 

screw  up  so  as  not  to  press  too  much  to  0.77175  of  an  inch ;  it  Mows  that 

on  the  sides  of  the  bar.    At  /is  a  tube  there  are  71.27  threads  of  the  screw  in 

and  wire  moving  through  a  collar  of  one  inch ;  and  seven  revolutions  and 

oiled  leather,  that  by  means  of  a  helical  nearly  y^^ths  move  the  micrometer  wire 

spring  presses   a  flat  piece  of  metal  ^^\\i  of  an  inch ;  consequently  ^^vth  of 

attacned  to  the  wire,  against  the  shut  part  of  a  revolution,  or  half  a  oivision  of 

end  of  the  short  slide  and  rod  to  be  the  head,  will  answer  to  a  motion  of 

measured,  so  as  to  keep  the  other  ex-  something  more  than  0.00014th  of  an 

tremity  of  the  rod  in  contact  with  y,  inch.    Having  found  7.13  revolutions 

On  the  application  of  heat,  the  rod  ex-  ecjual  to  0.1  inch  at  the  wires,  it  is  ob- 

pands,  and  overcoming  the  slight  resis-  vious  that  the  number  answering  to  O.l 

tance  of  the  spring,  carries  before  it  the  inch  at  the  mark  being  also  found  and 

short  slide,  and  with  it  the  tube  con-  added  to  the  former,  tlieir  sum  will  give 

taining  the  object  lens  of  the  micro-  the  measure  of  O.I  inch  at  the  ob)ect 

meter  microscope  o,  p,  r,  a  space  pro-  lens  of  the  microscope  o,  p,  r,  or  the 

portional  to  the  temperature  applied;  space  through  which  the  free  end  of  the 

and  it  is  this  space,  measured  by  the  rod  has  moved  by  the  change  of  tempe- 

micrometer,  that  determines  the  nume-  rature.    This  last  point  was  ascertained 

rical  value  of  the  expansion  of  the  rod.  by  experiment  to  be  =  24.93  revolutions 

The    microscope   tubes  are  divided  of  the  micrometer  head ;  which  being 

into  three  pieces,  for  the  convenience  of  added  to  7.13  =  32.06,  **  for  the  number 

applying  the    instrument   to   measure  of  revolutions  measuring  a  motion  of 

rods  shorter  than  five  feet.     For  this  0.1  at  the  object  lens,  or  an  expansion 

purpose  the  central  screening  tube  of  of  T\,th  of  an  inch,"  or  half  a  division  of 

the  fixed  microscope,  supported  on  the  the  micrometer  head  is  equivalent  to  an 

mahoganv  prism  t  A  by  a  collar,  may  expansion  of  the  rod  under  examination 

be  moved  and  clamped  at  any  part  of  of  „Vvs  ^^  <^  inch ;  and  i  of  a  diivision. 
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vhich  idb;  nwUIy  be  seen  by  tfaa  eje,  itraments  retjuired  t^  Ihe  refinemnrts 

E  iiigg.  of  modem  philosophical  inTettigationi, 

Such  it  the  wiiero»topic  pt/nnuter  of  but  essential  to  the  perfection  of  dilt^ 

Kam«len  ;    an  insbniment  not  indeed  rent  kinds   of  machinery  in  daily  use, 

siiilable  for  ordinaiy  puiposes,  but  ad-  and  even  to  a  successful  inTes^ation 

mirably  adapted  for  obtaining  u  acou-  of  the  lam  and  nature  of  heat  itselt 

rate  estimate  of  the  compajatne  expan-  With  this  instrument  Hoy  delemined 

sibilily  of  different  soUdi ;  an  otject  of  the  expaation  of  the  seven  solids  in  the 

the    liif^heit    importanoe,  not  only  in  annexed  table, 
bringing  to  perfection  the  delicate  in- 

Expansion  of 

Br  IW".  Br  i".  Inrfc.  licli. 

aonlatisiiL  Pirn.      Full.         mifrmU         OD  I  fool. 

DutchbTESf 35.69=  19  rfif,  =0.111323  =  0.03-22646 

En(;lish  plate  brass,  a  rod     ,  36.41  =  20  v,^,  =  o.l  l3aG8  ^^  0.0327136 
Ditto,  in  the  form  of  a  trough  3S,4S  =  20  ,ii  =  0.1136113=  0.02273S6 

Steel  rod 33.02  =  12  ^^  =  0.0B8G84  =  0.0137368 

Cast  iron  prism      .    .    .    .21.34=11,^^  =  0.066563  =  0.0133126 

Gtassrod  15.S4=     8  ^A  =  0-C184  72=  0,0096944 

Ditto  tube        14.93=    8^  =  0.046569=0.0046569 

13.  The  instruments  hitherto  noticed  neous  body,  but  a  mechanical  mixture 
ai«  inapplicable  to  very  high  tempera^  of  argil  and  silex,  wbidi  by  the  influence 
tures,  or  to  ascertain  the  heat  of  closed  of  heat  are  brought  into  more  intimate 
flre-plBces;anobject,inmanyprocesse9  union,  and  therefore  diminish  in  l)ulk  j 
inthearts,oftheutmost  importance.  To  until  a  temperature  sufficiently  high  to 
supply  this  deficiency,  our  celebrated  melt  them,  that  is,  to  convert  them  into 
Wedgwood  took  advantage  of  the  pro-  a  homogeneous  mass,  is  applied:  after 
perty  which  clay  has  of  mntractin^  which  the  product  obeys  the  general  law 
in/  heat,  and  remaining  afterwards  m  of  expansion  by  heat.  Availing  himself 
that  state  of  contraction.  This  property  of  this  properly,  Mr.  Wedgwood  em- 
is  not,  strictly  speaking,  an  exception  to  ployed  aspyTometricpiecet  cylinders  of 
the  general  law  of  expansion  by  increase  nne  porcelain  clay,  sughtly  flattened  on 
of  temperature;  clay  b  not  a  homoge-  one  side,    as  seen  in   A  B,  ^,  19,* 

Fig.  19. 
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formed  by  pressing  the  day  into  an  square,  and  two  feet  in  length,  fixed  on 

iron  tube,  and  baked  in  a  potter's  fur-  a  orassplate  convergingty,  so  that  they 

nace.     It   was  found,    after  repeated  were  distant  at  one  end  just  0.9,  and  at 

trials,  that  the  pieces  of  clay  conlracted  the  other  0.3  inch.    For  convenience 

more  and  more  in  an  uniform  ratio  the  rods  are  usually  divided  and  fixed  aa 

1o  the  degree  of  heat  communieated  to  in  the  figure  on  the  plate,  forming  two 

them,    and   permanently  retained  this  nearly    parallel   grooves-+    With    the 

contraction;  so  that  by  applying  them  above-stated    convergence    the    whole 

when  cold  to  a  scale,  an  indieedion  of ^ 

the  degree  of  heat  was  obtained.  .  ph^i  t          l  i     ■  i    ■    i«rt 

The  scale  employed  by  Wedgwood  +  K.diS'.f  ^."i^^'i-i.,  "W "-i-* 

consisted   of  two  bran   rodi  1  mdi  oruiHkiisfost.UBoiiicndiuU'uiiLiifu*. 
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groofe  is  dhrided  intomdiettiidtaitlii.  bjllfedgwood  should  then  be  folkmed 

mskbig  840  degrees  in  the  whole  scale;  in  mouUing  them.    The  paste  is  first 

and  the  higher  the  temperature  to  which  to  be  rammed  into  a  metallie  monld 

the  pyrometric  piece  ms  been  exposed,  0.6  inch  wide,  OA  deep,  and  1  inch 

the  nirther  will  it  slide  up  the  scale.  long:  they  should  be  dried  in  the  air* 

In  order  to  compare  nis  scale  with  and  when  quite  desiccated,  Wedgwood 

Fahrenhdfs    mercurial    thermometer,  gaged  them  in  another  mould  exaidfy 

which  cannot  measure  a  temperature  0.5  of  an  inch  wide,  and  of  the  finn 

mudi  beyond  600*,  Mr.  Wedgwood  was  giyen  in  the  figure.    Before  they  ait 

oompeUed  to  make  use  of  the  etepauiotu  baked  they  will,  of  course,  just  enter  the 

of  a  p3rrometric  piece  of  fine  suYcr,  ap-  widest  end  of  the  scale,  resting  at  0*. 

pli^  to  a  gaffe  on  the  same  principle  as  When  contracted  by  baking  to  1th  of  their 

that  above  described.    By  this,  the  ex-  bulk,  they  will  pass  to  me  120*;  and 

pannons  of  the  silver  for  50*  and  212?  when  reduced  to  }ths,  they  would  passto 

W^nheit  were  first  noted;  and  then  the  240*,  or  the  extremify  of  the  scale; 

the  silver  and  clay  pyromehric  [neoes  but  Mr.  Wedgwood  never  did  obtain  a 

were  compared  at  the  same  temperature,  higlier  temperature  than  160*.    From 

By  such  means  Wedgwood  estimated  these  proportions  each  degree  of  Wedg- 

the  value  of  each  degree  of  his  scale  at  wood*s  scale  is  equivalent  to  a  contrao- 

130*  of  Fahrenheit ;   and  he  reckoned  tion  of  f |vth  part  of  the  pyrometric 

that  the  0*  of  his  scale  corresponded  piece. 

with  the  1077*.5  of  the  common  scale.  The  diflBculty  of  obtaining  day  of  sa 

On  this  principle  comparative  tables  of  onifbrm  ouality,  and  not  liiwle  to  apoii- 

the  two  thermometers  have  been  con-  taneous  cnange,  has  lately  given  rise  to 

structed ;  but  their  accuracy  depends  on  a  suggestion  of  employing  pyrometrie 

two  circumstances  which  have  not  been  pieces  fimned  of  Chmese  aeaunatolite; 

detennined  to  the  satisfaction  of  the  a  suggestion  of  Mr.  Sivrignt  of  Meg* 

jd^osophic  world.    Clay  being  a  hete-  getland,  well  worthy  of  attention.* 

rogeneous  mixture,  it  l^  no  means  foU  A  more  formiiuible  objection    was 

lows  that  its  contractions  are  equable  at  started   by  some  foreign  chemista  to 

different  temperatiures ;  and  even  were  Wedewoca*s  scale ;  one,  indeed,  that 

this  ascertained,  there  is  great  doubt  would  have  overturned  the  theoiy  of  the 

how  far  the  means  employed  by  Wedg-  instrument.    It  was  alleged,  that  the 

wood  did  accurately  estmiate  the  degree  effect  of  a  long  continued,  or  often  re- 

of  Fahrenheit  at  which  his  scale  com-  peated,  exposure  to  errenin/mor  degrees 

mences.  of  heat,  would  cause  contraction  of  the 

There  is  still  another  serious  objection  clay,  after  it  had  undergone  the  action 

to  the  general  use  of  such  an  instrument,  of  a  higher  temperature.    This  point 

It  occurred  to  the  ingenious  inventor,  has  been  examined  with  much  care  by 

that  different  portions  of  clay  would  jpos-  Guvton  de  Morveau,  who  has  shown, 

sess  different  degrees  of  contractibuity;  in  his  valuable  essay  ,t  the  inaccuracy  of 

and  he  endeavoured  to  secure  unifor-  this  opinion ;  although  he  contends  that 

mity,  to  a  certain  extent,  by  lajring  in  a  Wedgwood  has  greatly  ored  in  the  at- 

large  stock  of  Cornish  clay,  which  he  texnpts  to  convert  his  scale  into  degrees 

hoped  would  supply  innumerable  pyro-  of  F%durenheit*s  thermometer,  as  we  shall 

metric  pieces  of  the  same  quality.    It  immediately  notice, 

was  found,  however,  that  spontaneous  On   the   whole,   the    pyrometer   of 

changes  take  place  in  such  day,  which  Wedgwood  is  an  instnunentwell  adapt- 

render  its  indications  liable  to  variation  ed  to  the  purposes  of  the  potter,  or  to 

at   distant  intervals;    or  pieces,  now  convey  some  idea  of  the  rdative  heat  of 

formed  of  the  same  day,  will  not  give  furnaces ;  but  we  cannot  regard  itie  de- 

the  same  indication  with  pieces  baked  termination  of  the  celebrated  inventor 

several    years    a^.     Attempts    were  as  giving  even  a  tolerable  approximation 

made  to  remedy  this  inconvenience  by  to  relative  degrees  of  high  temperatures 

forming  a  day  of  uniform  quality  of  bv  other  scues.      As,  however,    Mr. 

fixed  proportions  of  silex  and  alumine.  Wedgwood*s  tables  of  temperature  are 

Fine  Cornish  clay  yielded,  on  analysis,  often  quoted,  we    shall    here  sutgoin 

two  parts  of  silex  and  three  of  alumine ;  them,  with  the  corresponding  degrees 

and  such  a  mixture  made  into  a  paste  of  Fahrenheit,  according  to  his  calcu- 

with  iths  their  weight  of  water,  has  been  lation. 

recommended   for    the  fabrication    of        -■      .    p. ., ; — --: — —--  

pyrometric  pieces.    The metliod  detailed  f  aiimIc.  d«  chimieTroL ixm.  toiriij. »». 
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These  results  are  rendered  doubt- 
ful by  the  c&uses  already  noticed ; 
M>d  the  experiments  of  Morveau  and 
Daniell  with  pyrometen  of  pUtina  lead 
to  very  different  reiult*. 

14.  The  metallic  thennometer  of 
Regnier  is  described  in  a  report  of  the 
FrenchIiwtituteforl798.»  The  inven- 
tor  had  remarked,  that  when  a  thin 
metalUc  rule, resting  onatable,  is  raised 
by  the  middle,  it  forma  a  segmental  arc 
of  which  the  ver*ed  tins,  that  is  a  hoe 
perpendicular  to  the  chord,  drawn  to  the 
centre  of  the  arc,  is  twelve  times  longer 
than  the  space  through  which  the  e»lre- 
mity  of  the  bar  has  moved;  and,  on  this 
principle,  he  proposed  to  construct  an 
initrumentfornotmgvariationiiofatmo- 
■pheric  tempt-rature.  The  small  models 
nhi^  he  exhibited  answered  perfectljr ; 
but  his  intention  was,  to  apply  his 
invention  to  inslruments  on  a  kiger 
•cale  for  public  use. 

The  instrument  consists  of  two  plates 
of  yellow  copper,  two  metres  long,  fixed 
in  an  iron  frame,  in  a  bent  position, 
with  their  concave  surfaces  toward 
each  olher,  as  in  the  sketch,  fig.  *20. 
On  one  is  fixed  a  pinion  of  eii;ht  leaves, 
on  an  axis,  the  end  of  which  supports 
an  index  to  mark  the  temperature.  To 
the  centre  of  the  other  plate  is  attached 
%  toothed  rack,  in  the  position  of  the 
tersed  sine  of  the  curve,  playing  in  the 
leaves  of  the  pinion.  When  the  plates 
are  cooled  they  approach  each  other, 
when  heated  theircentres  recede;  and  the 


the  position  of  the  ban  o 


from  each  other,  and  to  bent  that  they 
cannot  become  parallel  by  any  reduchon 
of  temperature  to  which  they  may  be 
erposed.  Regnier  found,  that  two  such 
bars,  of  two  metres  in  length,  by  a 
change  uf  temperature  equal  to  60  cen- 
tesimid  d^rees,  changed  the  relative 
position  of  their  centres,  or  had  a  play 
equal  to  65  millimetres ;  but  the  cor- 
rection  for  the  expansion  of  the  iron 
frame  reduces  this  by  I;  so  that  there 
remains  about  26  millimetres  for  the 
real  play  of  the  centres  of  the  bars ; 
and  if  the  frames,  in  public  instruraenia 
of  this  sort,  are  made  of  stone,  that 
change,  by  diminishing  the  expanii* 
bility  of  the  frame,  will  increase  that  of 
the  bars.  Kegnier  gave  a  radius  of  699 
millimetres  to  his  index;  so  that  it 
will  traverse  over  a  circle  of  1.299  mi- 
tres in  diameter.  The  pinion  has  B 
leaves  in  a  diameter  of  27  millimetres ; 
and  these  proportions  are  such,  that  a 
temperature  of  60  degrees  centesimal 
will  nearly  cause  a  whole  revolution  of 
the  index  round  a  dial  4.08S  metres  in 
circumference.  Hence  each  degree 
would  t)e  about  68  millimetres  in  siie, 
or  rather  more  than  2t  inches^  and 
consequently  might  be  distinctly  seen  at 
some  distance. 

IS.  The  platina  pyrometer  ofGuyton 
de  Morveau,  jfe.  21,  was  laid  before  the 
French  Institute  in  1804,  and  was  de- 
signed to  measure  the  heat  of  open  fire- 
places and  of  furnaces. 

Its  basis  is  a  small,  yet  sohd  plate 
u,  b  of  highly  baked  porcelain,  in  wtiich 
is  a  grove  capable  of  containing  a  flat 
bar  of  platina  r,  1.7S  inch  in  length, 
0.2  of  an  inch  broad,  and  atwut  0.1  of 
aa  inch  in  thii-kiyrffi    One  end  of  this 
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JWtlnitamaiDBtthebottomor  nutcnoTnunniTandof mlcannutaiii 
Kf.  31.  *toinper«tiire  of  517°  F.  without  Miy 

limiiMasiiew  ev«>i  in  the  duic 

Iforveui  appean  to  have  taken  great 
pain*  to  eonnect  the  wale  of  hii  pyro- 
nuler  with  the  common  theimometer ; 
and  be  ii  protwbly  neaier  the  truth 
than  Wedgwood.* 

Hit  corrected  tatde  of  Wedgwood'a 
tai^entuiei  i*  as  followi : — 

WMf  PA. 

1°  =    •ii.:s 


Ibmrrbolli 
Aa  mAtt. . . 

aanr  Bulta  . 


the  eroovE;  the  other  presses  agiijM 
the  shwt  ann  of  a  boided  levtTt  the 
long  arn)  of  which,  moving  on  a  piTOt, 
becomes  the  index  of  the  initrument. 
The  short  arm  of  thin  lever  ia  Just  one 
twentieth  of  the  ten^  of  the  long 
arm,  which  in  the  onzinal  initrmiwM 
was  equal  to  1.8  indi;  consequent^ 
the  space  moved  over  bj  the  long  um 
will  be  twenty  times  as  great  as  the  mo- 
tion caused  in  the  short  arm  by  the  ex- 
pansion of  the  bar. 

A  finely  graduated  arc  of  a  circle,  ot 
which  the  index  is  a  radius,  is  fixed  on 
the  porcelain  ;  and  each  degree  of  this 
arc  IS  subdivided  into  ten  parts  by  a 
vernier  on  the  extremity  of  Ihe  index 
itself,  and  thus  the  instrument  is  capable 
of  indicating  an  expansion  of  )V>ith 
part  of  the  radius.  AU  these  parts  are 
of  platina. 

With  this  instrument  Guyton  made 
many  experiments,  the  general  result  of 
which  proves,  that  Wedgvfood  has 
greatly  erred  in  assigning  too  high  a 
temperature  for  the  degrees  of  his  scale, 
a  result  confirmed  by  the  later  experi- 
ments of  DanielL  Guyton  ascrilies 
Wedgwood's  error  to  his  estimating  the 
fusing  point  of  titver  much  too  high. 
It  was  by  means  of  a  pyrometric  piece 
of  fine  sUver  that  Wedpvood  connected 
his  scale  with  that  of  Fahrenheit ;  and 
an  error  with  respect  to  that  metal  must 
viciate  all  the  results.  According  to 
Morveau,  the  fusing  point  of  Silver 
ought  to  have  l>ecn  at  22*  W,  instead  of 
38";  and  each  degree,  instead  of  being 
equivalent  to  130°  of  F.,  ought  to  have 
been  no  more  than  62°.r) ;  while  the 
commencement  of  his  scale  shouTd  liave 
been  at  517°  F.,  insteaij  of  at  1077°.5. 

There  is  some  reason,  however,  to 
beheve,  that  Morveau  has  stated  a  red 
heat  in  day  rather  too  low ;  forthermO' 
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16.  In  1803,  Mr.  James  Crighton,  of 
Glasgow,  published  a  new  "  roetalliB 
thermometer,"  in  which  the  unequal 
expaiuion  of  line  and  iron  is  the  moviqi 
power.  A  bar  is  formed  by  uniting  a 
plateofiinc,j^.a2,c,  d,B  inches  loii^l 


inch  broad,  and  J  inch  thick,  toaplatc  of 
iron  a,  b  of  the  same  length.  The 
lower  extremity  of  the  compound  bar 
is  firmly  attached  to  a  mahogany  board 
at  e,  e ;  a  pin  /  fixed  to  its  upper  end 
plays  in  the  foiiied  opening  in  tlie  short 
arm  of  the  index  g,  g.  When  the  tem- 
perature is  raised,  &e  superior  expan- 
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■km  of  the  tine  c  d  will  bend  the  whole 
bar,  as  in  the  figure ;  and  the  index  g 
will  move  along  the  graduated  arc, 
from  right  to  left,  in  proportion  to  the 
temperature.  In  order  to  convert  it 
into  a  register  thermometer,  Crighton 
applied  two  slender  hands  A,  h  on  the 
axis  of  the  index:  these  lie  below  the 
index,  and  arc  pushed  in  opposite  direc- 
tions by  the  stud  i,  a  contrivance  seem- 
\r\^\y  borrowed  from  the  instrument  of 
Fitzi2:erald. 

On  the  whole,  the  principle  of  this 
p>Tometer  is  just ;  but  it  does  not  seem 
to  possess  any  considerable  advantages 
over  several  of  those  already  noticed. 

17.  We  have  some  doubts  of  the 
propriety  of  noticing  a  sort  of  air  py- 
rometer Jig,  23,  proposed  by  M.  Schmidt 


of  Jasy  in  Moldavia.*  It  is  so  evi- 
dently a  mere  theoretic  proposal,  and  is, 
besides,  an  expensive,  clumsy,  and  pro- 
bably not  very  accurate  mode  of  ascer- 
taining high  temperatures.    It  consists 


of  a  bottle  a,  and  nairow  tube  b  of  pla- 
tina,  the  former  to  receive  the  impres- 
sion of  the  heat,  and  the  latter  to  convey 
the  expanded  air  into  c  c,  an  air-tight 
cistern  partially  filled  with  water.  'Die 
cover  01  the  cistern  is  perforated  by 
three  holes ;  in  one  of  which  the  end  of 
the  platina  tube  is  cemented;  in  the 
second  is  fixed  a  glass  tube  d,  contain- 
ing a  common  thermometer:  and  in 
the  third,  a  slender  graduated  tube  e, 
which  dips  into  the  water  in  the  cistern. 
The  thermometer  is  for  ascertaining 
the  temperature  of  the  included  air  ox 
the  cistern  before  the  experiment ;  the 
graduated  tube  for  ascertaining  the 
temperature  communicated  to  the  pla- 
tina bottle  by  the  ascent  of  this  water 
raised  by  the  pressure  of  the  expanded 
air  on  the  surface  of  the  fluid  m  the 
cistern.  Any  further  description  would 
be  superfluous. 

The  pyrometer  of  Mr.  Daniell  (/ig, 
24)  was  first  described  in  Brande's 
Quarterly  Journal*  The  moving  power 
is  a  rod  or  wire  of  platina  10.2  inches 
in  length,  and  0.14  inch  in  diameter, 
fixed  in  a  tube  of  blacklead  ware  a,  6,  c, 
by  a  fianch  within  and  a  nut  and 
screw  without  the  tube  at  a.  Tliis  tube 
has  a  shoulder  moulded  on  it  at  b,  for 
the  convenience  of  always  inserting  it 
into  the  furnace,  or  muffle,  to  the  same 
depth.    Fh)m  the  extremity  of  the  pla- 
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tina  rod  at  b  proceeds  a  fine  wire  of 
the  same  mctil,  ^hn  inch  in  diameter, 
which  comes  out  of  a  brass  ferrule  d, 
and  passes  two  or  three  times  round 
the  axis  of  the  wheel  t,  B,  Jig.  24.  It 
then  l)ends  back,  and  is  attached  to  a 
slender  spring  m  n,  which  is  fixed  by 
one  end  to  the  pin  at  fi,  on  the  outside 
of  the  ferrule. 

The  substitution  of  a  silk  string  for 

•  Nicholaon's  JMrul,  8to.  mims,  voL  &  14L 


that  part  of  the  platina  wire  lapped 
round  the  wheel,  and  connecting  it  with 
the  spring,  has  rendered  the  motions  of 
the  index  more  sensible.  Tlie  axis  of 
t  is  =  0.062  inch,  and  the  diameter  of 
the  wheel  one  inch :  its  teeth  play  in 
the  teeth  of  another  wheel  just  one- 
third  of  its  diameter,  by  which  the 
wheel  A  has  three  times  the  movement 
of  t;  and  the  index  on  the  axis  of  A 

•  VoLxi.p.30a 
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movcf  tfwnlbre  fiiree  times  round  Ibr       18.  Mettn.  Breguet,  the  odelsnted 
eveiy  revolution  of  t.    The  action  of   duronometer-makers,  have  latelv  oon- 
the  ipiral  spring  m  draws  round  the    strocted  a  most  elorant  and  delicate 
wheel  t  and  the  index,  when  the  ex-    pyrometer,  or  metawne  thermometer, 
pansion  of  the  platina  rod  permits  it  to    of  which  we  give  a  figure*    (See  Jig* 
act.    The  dial  IS  divided  into  360  de-    S5.) 
grees.    By  experiment,  Daniell  ascer- 
tained that  each  desree  of  his  scale 
ac  7  degrees  of  Fahrenneit*s :  and  he  has 
published  an  accoimt  of  some  well  con- 
ducted experiments  on  the  fusing  points 
of  some  of  the  metals  with  thu  instru-      JP^*  25. 
ment,  which  verv  widelydifPer  from  the 
results   obtainea  by  Wedgwood,  but 

nearly  agree  with  mose  of  Morveau,  ^k  wi 

Mr.  Daniell  found,  that  after  being  ^Sa  ^1 

exposed  to  high  temperatures,  the  py- 
rometer did  not  fall  to  the  point  mm. 
which  it  set  out  ^  a  circumstance  which 
he  attrilHites,  with  justice,  to  changes 
in  the  form  of  the  tube  induced  l^  a 
high  temperature.    This  ii  certainly  an  ^ 

imperfection  in  the  principle  of  the  in- 
strument; but  if  the  degrees  of  heat 
be  marked  by  the  ascending  series,  its 
indications  seem  tolerably  correct,  and, 
althoui^  perhaps  little  to  be  depended 
on  in  mce  investigations,  it  may  become 

an  use^  instrument  to  maniuacturers  . 

who  make  use  of  high  temperatures.       It  consists  of  a  hdix  formed  of  t  / 
The  tube  should  not  be  exposed  to    **etals  of  unequal  expansibility.     \ 
anakedfire,except  it  be  of  woodchar-    exterior   plate  of  this   delicate    h" 
coal ;  because  the  foreign  ingredients    is  of  silver,  the  interior  of  platina,    * , 
of  fossU  coal  will  adhere  or  incorporate    between  them  is  one  of  gold.    Two  o 
with  the  Dlacklead  ware  of  the  tube,    are  necessary  to  the  perfect  actioii 
On  these  grounds  we  should  feel  more    the  instrument;  but  from  the  differen^t. 
inclined  to  recommend  the  pyrometer    of  expansibilitv  between  silver  and  p^v- 
of  Morveau,  which,  besides,  is  extremely    tina,  they  would  be  liable  to  separate  ay 
portable ;   and,  being  wholly  exposed  to    sudden  changes  of  temperature ;  and  ** 
the  heat,  is  less  liable  to  be  afrected  by    thin  plate  of  gold,  which  is  of  intei 
extrinsic  circumstances  in  its  indications,    diate  expansibility,  is  interposed. 

The  following  table  exhibits  some  of    whole  form  a  single  flat  plate  or  w 

Daniell's  comparative  results.  about  jh^h  of  an  inch  in  thickne 

60°  Fahrenheit  =  T'.s'  Daniell.  The  upper  extremity  of  the  helix  is  fix 

}JJ  =  JJ  J  to  the  brass  support  b,  which  by  its 

900  s  30.6  form  insulates  the  helix,  and  permits    * 

^  f  Si  coiling  and  uncoiling  freely.     To  .its 

^  Z  fit  lower  extremity  is  attached  a  gold  nee^ 

400  r=  58.5  e,  kept  horizontal  by  a  small  counter- 

J5J  =  1^1  P«>ise.    This  needle  moves  round  a  gra- 

•650  =  77!o  duated  circle  representing  degrees  of 

««^K     11.     v=  ®*^ .     .  a«. .  ^®  centitrrade  scale.    When  the  .am- 

600O  by  calculation  he  eaumate.  at  ftjo.i.  ^      bie^t  air  is  heated,  the  expansion  of  the 

Melting  point  of  tin 68  .    441    metals  carries  round  the  needle  in  the 

\^T^.:::':'r":  I?  •  m  ^^^^^  ^^  ^^  coUs  of  the  helix,  and  a 
Boiling  point  of  mercn^!  !!.*.'!!!!.*'!  9s  !  644  diminution  of  temperature  moves  it  in 
Mdtinj  point  of  ainc.    94  .    668    the  Opposite  direction  by  relaxing  the 

Red  heat  in  full  davbght 140    •     980     i^nilo        t?w,.^»«:«,««a    u«-    ^ j®aua 

Heatofaparaour/reT 163  !   1141    <^0"S;.  Expcnment   has   proved   that 

Melting  point  of  brass 967  .   1869    equal  increments  of  temperature  move 

zzzzzz:  SjS; 2m  *  Ss  ^®  "®^^®  ®^^  ^^  *p*^«  ^^  *** 

foldT.!!*.!!'.!!!!;!!  a7o  .*  9590    sealcsothatitiscomoarablewithotlwr 

cMtiiw... .,,..«..  487  •  M7^   thermometers.  1 

-  { 
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The  teniibilityof  the  inilrumeDture-  The  height  of  the  instrument,  from 

praaented  OS  very  great,  when  compared  nhich  this  description  is  drawn,  is  3 

to  a  mercurial  thermometer ;  and  it  is  inches,  includii^  the  feet, which  are  half 

applicable  to  such  purposes  as  ascer-  an  inch ;  the  dimneter  of  the  helix  is 

tuning  the  temperature  of  a  vacuum,  rather  less  than  /■ ;  and  its  length  is 

which  the  mercurial  thermometer  is  able  1 } ;  the  diameter  of  Ihe  gradualed  circte 

to  do  less  accurately,  because  of  the  di-  is  2  inches  inside,  and  its  breadth  j. 

ktability  of  ils  bulb  by  the  removal  of  19.  The  instrument  delineated  in  J!g. 

pressure.  2G,  from    one    now   before    us,  is  a 


flir.26. 


W 


beautiful  instrument  of  the  lune  kind,  and  the  arch-head  moves  over  a.  space 

the  work  of  the  Parisian  artist,  Fn-  proportional  to  tfte  difference  in  lenph 

'-■rick  Houriet,  which  appears   to  be  of  the  arms  of  the  lever.     How  this 

o    lie  known  in  this  country.    It  is  of  motion  is  communicated  in  an  increased 

dei  H  siie  of  a  Ihin  ordinary  watch,  with  a  ratio  to  the  index  is  obvious  from  the 

be  il  A  divided  aixording  to  the  centi-  construction.    Under  the  cock  t,  which 

b:  iule  scale.  The  mechamsm  is  covered  supports  the  common  axis  of  the  index, 

'.   H  thin  plate  of  metal,  which  opens  and  g,  is  a  Epiral  spring;  of  flattened 

1  hunting  watch  ;  and  the  instru-  gold  wire,  intended  to  bring  back  the 

ic'ii  is  so  delicate  as  to  move,  in  less  index  when  the  contraction  of  the  bar 

'  'ttian  ■  minute,  after  it  is  laid  on  the  allows  it,  and  to  retain  the  piece  d  in 

and,  at  an  oidinary  temperature  of  contact  with  the  short  arm  of  the  le- 

60*  F.  vet  e.    The  instrument  is  adjusted  by 

The  pyrometric    piece  is   the  bent  means  of  a  steel  screw  A  worlcing  in  a 

mpouiid  bar  a,  6,  a,  b,  composed  or  small  tube,  which  perforates  the  end 

plate  of  steel  on  (he  side  o,  and  of  piece  d. 

mother  of  brass  on  the  side  b,  united       The  whole  instrument  is  most  deli- 

^ogether  into  one  bar.    The  steel  plate  cately  made,  and  it  accords  in  its  indi- 

ii  i'd  inch  in  thickness,  and  the  brass  cations    with  a    mercurial    centigrade 

'  vice    as    much,  forming    a  bar  9,i  thermometer,  with  which  it  has  been 

'-  -.nches  in  length,  and  about  )  inch  in  carefiiUv  compared;  forming  one  of  the 

^epth.    One  extremity  is  firmly  secured  most  elegant  metalline   thermometers 

to  the  fnxat  at  c  the  rest  of  it  is  hitherto  described. 

free,  bent  up  for  the  convemence  of 

siie,  and  secured  against  any  accidental  Chaptbr  III. 

*  injury  from  rude  handling  by  passing 

between  two  steel  studs  A,  A.    Its  free  «"tory  and  ConttrueHon  of  Segi*l» 
extremity  is  terminated  by  a  plale  of  Thermomelerf. 

■lrfJ.™w«lloil,»ridi)rojeotinjO  3  j„  ,„i^^  .uggi^ion  of  .  ihemo- 

3i  Sr    ,  ;k    i.""^; Z*^", ""  "»'•'  ""  Jd nignlir  it,  o.„  Ml- 

^^li    .tl'  '.;  .  "".■^"'Jj  du.  Will.  cUbnttd  John  Bm,ou!l., 

fL;  "E^t'J'fLir     If  '"'"jfS"  letter  to  L.ilml.1'  ud  «■  in.truoiinit 
'   teeth,  vhidi  IS  fixed^oa  tlie  axis  of  the 
slender  hand.    Tlie  len^^thening  at  the 
ba.  puthe*  the  short  aim  of  the  lerer. 


M  THKRHOMETER 

m  BMrij  Urn  MiM  prituapto  w  u  eon- 
atraoted  by  KnA:*  but  their  eon- 
triruMM  IR  inferior  to  Mvenl  otheri 
of  ■  lets  period,  end  do  not  require  & 
detailed  nonce.  We  ihiJl  therefore  pro- 
ceed to  describe  the  moit  ^iprored  re- 


1.  Lord  Chertee  CaTendiih  oommn 
lueeted  to  (he  Rojel  Souetj  diffirent 
forma  of  thermometei*,  intended  to 
register  the  masnmum  and  faiaimvm 
temperature  in  the  abience  of  the  ob- 
server.t  Hii  lordship's  therraometer  for 
showing  the  maximuin  is  represented  in 
fg.27.  It  consists  of  »  cylindrical  bulb, 
Fyf.  29.  Fig.  2B.       J^.  37. 


and  a  stem  termineting  in  an  open 
eapillHry  orifice,  covered  by  a  flus  cap 
or  ball  e  completely  closing  Ihe  Iher- 
mometer.  The  bulb  and  part  of  the 
etem  are  filled  with  mercury,  the  rise 
and  fall  of  which  indicate  the  tempera- 
ture in  the  nsual  way ;  above  the  mer- 
cury a  portion  of  alcohol  is  intro- 
duced, sufficient  to  fill  tlie  rest  of  the 

■  VuSirud>B.CoiiiriaimiiondiiTkarBOBttn«. 
t  Phil  Tttta.  nL  I  ttr  ITS?. 


AND  FYBOHVntR. 

tube  and  a  amall  put  of  tbe  «w.  Wben 
tfaa  macuiy  riwa  it  drirea  lae  ipnl 
btitore  it  into  the  cap  «,  from  whicu  it 
euiitot  return  while  the  instniment  re- 
mainaereet;  and  tbe  deSosensy of  einrit 
in  the  tube,  on  the  lubeidinc  of  tiie 
macary,  mcMuted  by  aprc^MT  ecale,  will 
show  how  much  the  maximum  rise  of 
the  therraometer  exceeded  its  hdgfat  at 
the  time  of  the  observation. 

To  prepare  it  for  a  fresh  obsoration, 
the  thermometer  it  to  be  heated  by  the 
hand  until  the  spirit  fills  the  whole 
tube,  nhic^  is  then  to  be  inclined  so 
that  the  spirit  in  the  cap  mar  cova-  the 
eapBlai^  orifiee ;  as  the  boll  cools,  the 
STWit  vdl  di^  into  the  tube  thus  in- 
clintd,  and  fill  it  as  completely  as  before. 

P^.  SS  if  a  construrtion  of  the  nunc 
instrument,  intended  to  obviate  the  in- 
eonrenience  of  so  weighty  a  bulb  aa  Ihal 
flUed  with  mncuty  must  be. 

Lurd  C.  adds  a  correction  which 
should  be  made  on  account  of  tha 
difference  of  expahsion  of  raercuty  and 
spirit,  in  computing  the  deficiency,  £ 
tnia  be  measured  by  the  same  scale  ai 
the  aicent  of  the  mercury:  the  d^ieet 
computed  bf  the  column  of  spirit  will 
exceed  those  of  the  mercurial  column 
by  1  of  a  duree  fbr  every  10*  of  Fah- 
renheit of  difference  between  them. 

Fig.  39  i*  his  lordahip's  minimum 
thermometer.  Its  bulb,  )  of  the  t>all  d, 
and  pait  of  the  leg  6,  aie  to  be  filled 
with  spirit  of  wine ;  trom  A  to  e  is 
occupied  by  a  column  of  mereuij,  and 
about  1  of  <l  contains  a  pwtion  of  this 
fluid;  a  little  alcohol  is  likewise  intro* 
duced  above  the  mercuty  before  the 
orifice  of  the  lube  at  e  is  closed  in  the 
usual  manner.  The  mercury  at  e  will, 
when  fumished  with  a  proper  scale, 
indicate  the  present  feroperature  in  the 
ordinary  way ;  but,  when  the  spirit  in 
the  bulb  contracts  by  cold,  the  mercuiy 
will  rise  in  the  shoil  leg  of  the  siphon 
fhim  6  into  the  ball  a,  tram  which  it 
cannot  get  back  into  the  tube  6.  This 
will  therefore  occasion  a  deficiency  of 
mercury  in  that  leg,  which,  measured  by 
a  proper  scale  attached  to  Ihe  short  leg 
of  the  siphon,  and  subtracted  fltim  tbe 
present  heiriit  of  the  mercury  in  the 
long  leg,  wiD  show  the  lowest  point  to 
which  the  thermometer  had  fidlen 
during  the  absence  of  the  observer. 
To  prevent  the  mercury  falling  in  loo  i 
large  drops  into  the  ball  d,  by  which  tbt 
dehcwr  of  the  instrument  would  be  f 
impaired,  a  solid  but  fine  tbmd  of  ^as* 
passes  throuj^  the  short  1^  to  thi  I 
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k  /  •f  tbe  ball  A  b;r  *'hieh        3.  The  Rcffitttf  Thennometet'   L_ 
thepHfligvit  itill  Anther  eoBtncted,  »    T«nted  by  Mr  Jaitie*  Six,  orColchesler, 


thmt  the  menmiy  trickles  t}miui;h  i 
mmt  minute  diTision.  Hib  inttrament 
is  prepired  for  a  new  obHtTRlion  bj 
being  inclined  so  ft*  to  bring  th«  tUer- 
Gury  in  d  to  cover  the  orifice  at  /;  the 
bulb  i>  then  heated,  ahd  ttie  meniiuy 
is  expdled  from  the  ball  into  Uw  riiort 
l^g;  of  the  *iphon,  until  it  be  filled  with 
that  ftuid. 
P^.  30  ii  anotiwr  form  of  (he  lait 


Ffg.  3D. 


detcribed  in  the  Phitotophreat 
TnmtaetioiUi,*  and  is  repreKtited  in 
1g.  SI.    It  ia,  Ih  fkct,  a  apirit  of  wine 


initniinent,  which  hai  the  adrtnttge  of 
being  more  eaiily  adjuated,  ted  l>  less 
liable,  from  slight  motion,  to  have  the 
mercnrr  nhicn  has  passed  Ihto  a 
brouKht  back  into  the  tutie. 

These  instruments  are  extmnely  tn- 
{tenious  cotilrivances ;  but  there  are 
some  practical  difficulties  In  their  eon- 
■Iruction ;  and  the  minimum  thermo- 
meter Is  rather  liable  to  be  broken  from 
the  siie  of  the  bulb,  and  the  several 
Iwndinxs  of  the  tube.  Hence  Lord  C. 
Cavendish's  Ihennometers  never  appear 
to  have  come  into  ;^eral  use,  although 
very  well  adapted  for  certain  purposes, 
as  for  Bscertaining  the  temperature  of 
the  ocean  at  great  depths.  It  is  there- 
fore unnecessary  here  to  notice  the  cor- 
rections pointed  out  by  Mr.  Cavendiah 
in  its  applications  to  various  jmtposes. 

2.  Next  in  point  of  time  is  (fie  con- 
trivance of  FtttRerald ;  which  has  been 
alresdy  noticed,  as  well  a*  tiiat  of 
Crifhton ;  for  rendering  tbdr  metallld 
Ihermometeia  indiettors  uf  tlie  maSltak 
and  minima  of  temperatun  during  the 
absence  of  the  rtWuiTM. 


thermometer,  with  a  lon(t  whndrica] 
bulb,  and  a  tube  bent  in  the  form  of  i 
siphon  with  parallel  le^,  and  termi- 
nating in  a  small  cavit};.  A  portion 
of  the  two  1^  of  the  siphon  fi-om  a 
to  A  is  filled  with  mercuiY ;  the  bulb, 
and  the  remainder  of  both  legs  of  the 
siphon,  as  well  as  a  small  portion  of 
the  cavity,  are  filled  with  highly  recti- 
fied alcoboL  The  double  column  of 
mercury  is  intended  to  ipve  motion  to 
the  two  indices  c,  d;  the  form  of  which 
is  better  se^  at  A.  Each  index  con- 
sists of  a  bit  of  iron  wire  inclosed 
in  a  glass  tube,  which  is  capped  at  each 
eitremi^  by  a  button  of  enamel.  Their 
dimensions  are  such,  that  they  would 
tnove  freely  in  the  tube,  were  it  not  for 
a  thread  of  glass  drawn  from  the  upper 
cap  of  each,  and  inclined  so  as  to  press 
Bgvnst  one  side  of  the  tube,  forming  a 
delicate  spring  of  sufflcieat  ^<yw«t  Va 
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retain  the  attached  index  at  any  put  of  expansion  of  the  tube  is,  in  most  of  the 

the  tube,  to  whidh  it  is  raised  uy  the  instruments  now  made,  father  too  small ; 

column  of  morcury.    The  action  of  the  in  £Ux*8  ori^al  instruinent,  this  part  was 

instrument  will  now  be  readily  imder-  a  cylinder  of  2  inches  in  lensth,  by  half 

stood.    When  an  increase  of  tempera-  an  inch  in  diameter,  to  a  bulb  of  16 

ture  expands  the  sfHxit  in  the  bmb,  it  inches  in  length,  apd  A  hidi  in  internal 

depresses  the  mercury  in  the  limb  a,  diameter. 

and  proportionally  raises  it  in  the  limb  The  chief  defect  of  Six*s  thermome- 
b  of  the  siphon :  the  mercurial  column  ter  arises,  as  in  most  o  her  contrivances 
in  the  latter  raises  the  index  d  before  it ;  of  this  sort,  firom  the  unequal  expan- ' 
and  when  the  mercury  sinks  in  that  leg,  sion  of  the  spirit,  and  the  introduction 
the  bottom  of  the  index  d,  retained  at  of  two  liquids  of  very  different  expansi- 
that  height  by  the  glass  spring,  will  in*  bility  in  the  instrument ;  while,  from  the 
dicate  how  high  the  mercurv  had  risen,  construction,  it  would  be  difficult  to  ap- 
When  the  spirit  in  the  bulb  contracts  ply  any  gencaral  correction  to  its  indica- 
by  cold,  the  mercuiy  in  the  limb  b  de-  tions.    ft  does  not  indicate  the  expan- 
scends,  and  the  consequence  is  a  pro-  sion  of  the  spirit  only,  but  also  that  of  the 
portional  ascent  of  the  column  in  the  mercurial  eolumn  j  which,  where  nice 
side  a ;  which  likewise  carrying  the  in-  observation  is  required,  would  be  of  some 
dex  c  before  it,  leaves  its  lower  extre-  moment ;  and  the  necessary  friction  of 
mitv  at  the  point  to  which  the  column  the  indices  will  also  tend  to  diminish 
of  that  side  had  risen.    In  this  manner  the  effect  of  expansion.    Yet  this  in- 
the  maximum  and  minimum  tempera-  strument  is  a  valuable  addition  to  me- 
tures  are  seen  at  anj^  desired  interval  of  teorolo^ ;  and  is  probably  the  most 
time ;  and  all  that  is  necessary  to  pre-  convement  for  ascertaining  the  tempe- 
])are  the  instrument  for  a  fresh  observa-  rature  of  the  ocean,  at  gr^  depths,  of 
tion  is  to  bring  down  both  indices  to  any  hitherto  given  to  the  public, 
the  stuf  ace  of  their  respective  columns  4.  The  day  and  night  thermometers 
by  means  of  a  magnet,  which  will  of  Dr.  John  Rutherford,  from  the  sim- 
act  on  the  bit  of  iron  wire  included  in  plicity  of  their  construction,  and  low 
the  body  of  each    index.     From  the  price,  have  in  some  measure  super- 
above  descnption,  it  is  obvious,  that  seded  the  register  thermometer  of  Six. 
there  must  be  an  ascending  scale  to  lliis  ingenious  and  elegant  device  was 
measure  the  degrees  of  expansion  in  6,  first  published  in  the  Transactions  of 
and  a  descending  scale  applied  to  a  to  the  Royal  Society  of  Edinburgh,*  and  is 
mark  the  contraction  of  the  spirit.    Mr.  represented  in  fg.  32  •  where  A  re- 
Six   graduated    his    thermometers  by  presents  a  spint,  and  B  a   mercurial 
placing  them  in  water  at  different  tern-  thermometer,    each  provided  with  its 
peratures,  and  marking  on  his  scales  own    scale,     placed    horisontally    on 
the  heights  corresponding  to  every  5**  of  the  same  piece  of  box  wood  or  vfory, 
a  standard  mercurial  thermometer  im-  B  contains,  as  an  index,  a  bit  of  steel 
mersed  in  the  same  liquid.  This  elegant  wire,  which  is  pushed  before  the  mer- 
invention  has  l)ecome  a  common  instru-  cury,  and  is  left  in  that  situation  to 
ment ;  and  on  account  of  the  ease  with  mark  how  high  the  temperature  had 
which  the  glass  spring  of  the  index  may  been.     A  contains  a  glass  index  half  an 
be  broken  off,  many  instrument  makers  inch  long,  with  a  small  knob  at  each 
substitute  a  slender  bristle,  tied  to  the  end;  it  lies  in  the  spirit,  which  can 
upper  part  of  the   index,  and  lapped  freely  pass  beyond  it  wnen  expanded  by 
round  its  body,  as  at  B.    This  renders  heat ;  when  contracted  by  cold,  from 
the  spring  less  easilv  spoiled  by  the  the  attraction  between  spirit  and  glass, 
careless  shifting  of  the  mdex ;  but  the  the  last  film  of  the  colunm  of  spirit  b 
hair,  by  being  long  steeped  in  spirit,  is  enabled  to  overcome  the  slight  tnction 
liable  to  have  its  elasticity  destroyed;  of  the  index  on  the  inside  of  the  tube, 
and  a  slender  silver  or  platina  wire  and  to  carry  it  back  towards  the  bulb, 
would  be  preferable.  The  usual  dimen-  This  attraction  is  so  considerable,  thai 
sions  of  the  instrument  are,  a  bulb  although  the  index  will  move  freely  up 
from  6  to  1 6  inches  in  length,  and  firom  and  down  in  the  spirit,  on  inclining  the 
0.2  to  0.3  inch    in  internal  diameter ;  instrument,  it  will  rest  on  the  last  film, 
the  siphon  from  the  ,',  to  the  i^  of  an  and  require  several  smart  concussions 
inch  in  width,  and  of  a  leneth  proper-  given  to  the  thermometer,  to  make  it 

Honed  io  the  size  of  the  bmb ;  the  in- 

dices  about  1  inch  long;  thetKnaimi  *  Sda. PhU. Tmm. vol. ul 
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Fig.  32. 


escape  into  the  empty  pitrt  of  the  tube. 
From  (he  position  of  both  thermometera 
it  is  obvious,  that  to  bring  both  indices 
to  the  surface  of  the  respective  fluids,  it 
IS  only  necessary  to  incline  the  instru- 
ment toward  C  ;  and  it  is  thus  prepared 
for  a  fresh  observation. 

The  accuracy  ofRutheribrd'slhenno- 
meters  depends  on  the  ease  with  nhich 
they  are  constructed,  and  the  applica- 
tion of  a  due  correction  for  the  inequa- 
lities of  expansion  between  them  ;  this 
can  be  more  readily  accomplished 
than  with  Six's  thennoroeter ;  because 
the  indications  of  each  fluid  are  inde- 
pendent of  each  other.  The  discie- 
fancies  between  both  thermometers 
ave  been  carefully  examined  by  De 
Luc*  and  more  lately  by  De  Wildt.  of 
Hanoverit  the  results  will  beEivenin 
the  sixth  chapter,  from  which  the  cor- 
rection can  be  applied.  Such  a  correc- 
tion will  render  Oiem  applicable  to  the 
nicest  meteorological  observations  of 
maxima  and  minima.  For  more  onli- 
naiy  purposes  they  are  very  convenient, 
as  not  being  easily  deranged,  and  being 
adjusted,  for  each  observation,  with  the 
utmost  facility. 

5,  In  the  Trmuaetiotu  of  the  same 
society,!  we  find  another  raster  ther- 
mometer, by  Mr.  Alexander  Keith,  a 
^ntleman  of  great  mechanical  inven- 
tion, and  long  an  active  member  of  that 
society.  It  is  represented  in  our^.  33 ; 
where  a  6  is  a  glass  tube,  14  inches 
long,  and  ]  inch  in  calibre,  sealed  at  the 
top,  and  below  communicating  with  a 
bent  tube  b,  d.  7  inches  long,  and  0.4 
inches  in  diameter,  open  at  the  top, 
where  it  is  cemented  to  a  metallic  pli^ 
e,  which  supports  the  ivory  scale  e,  «, 
fi{  inches  long.  From  a  to  fi,  the  tube 
is  filled  with  highly  rectified  alcohol, 
and  &om 6  to  e  witn  mercmy.  Atcia 
a  conical  float  of  ivoiy  or  ^an,  iHting 
on  the  surface  of  the  quidcsilver,  km 

•  B«Amlia  m  In  Ma*,  it  TAtmitiitn. 

t  Juw«-i  B£>.  PUL  AbmJ  iff  OMDktr,  IML 

t  Ei.-a.niL  Tnt.nl.it. 


supporting  a  Icneed  wire  A,  intended  for 
moving  two  indices  of  black  silk  J,  k, 
that  slide  along  the  fine  gold  wire  g,f, 
as  will  be  readily  seen  from  the  figure. 
To  prepare  the  instrument  for  obser- 
vation, the  indices  are  drawn,  by  means 
of  a  crooked  wire  prepared  for  the  pur- 

Kse,  till  they  touch  each  side  of  the 
ee  of  the  Axif  KiTe.  It  is  obvious 
that,  as  the  neat  alters  the  dimensions 
of  the  column  of  spirit  in  a,  b,  the  mer- 
cuty  will  rise  or  tall  in  the  small  tube, 
and  the  float  swimming  on  the  surface 
of  the  mercury  will  raise  or  depress  the 
knee  A,  which  will  move  the  indices  ac- 
cordingly on  the  wire  g,f.  The  instru- 
ment is  defended  from  wind  or  lain  by 
the  glass  case  /,  I,  which,  by  means  of 
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enced  by  atmospheric  pressure,  when    month.    It  is  hardly  necessary  to  state 
its  cover  is  removed ;  but  the  eflbcts  of   that  a  similar  oontrivanoa  is  applicable 
barometrical  variations    are   scanty    to  the  indications  of  the  barometer, 
ajipredable  except  in  an  air  thermo-      •.Weare  indebted  to  Mr.  Hemy  Home 
meter;  and  when  made  on   a  lam    B)ackadder,  for  some  voy  ingvnious 
scale,   is    applicable,    as    Mr.   KeiUi    methods  of  asoertaininff  the  tempem- 
has  shown,  to  the  important  purpose  of   ^w  of  the  ahr,  at  any  $^v«n  hour^  by  a 
marking  the  jMfiodt  of  the  annospherio    Mibsequent  inspection  of  a  thermo- 
changts  of  temperature.  Thisheeffisct-    meter.    His  fint  invention  resembles 
ed  by  making  tne  large  tube  40  inches    one  of  Rutherfonfs  thermometers,  sus- 
long,  Imt  retaining  the  original  width ;    pended  on  a  pivot.     If  a  spiriti  ther- 
whue  the  small  tube  is  mcreased  in    mometer  be  preferred,  it  is  to  be  hung 
diameter,  but  not  in  length.  The  float  e    vertic«]^  ana  inverted,  ao  that  the  indei^ 
is  enlaiged,  and  the  float  wire  carries,    may  rest  on  the  kst  fllm  of  the  liquid, 
instead  of  the  knee,  a  soft  pencil,  wUch    Suppose  that  we  desire  to  know  the 
is  made  to  press  lightly  agamst  a  hollow    temperature  at  5  o*clock,  ▲.  m.,  a  lever 
vertical  cylinder,  7  inches  long  and  5    conneeted  with  a  dock  is  applied,  ao  as 
in  diameter,  moved  by  clock-work,  once    to  faring  the  thermometer  to  a  honiontal 
round  in  31   days.    This  cylinder  is    position  at  that  hour ;  and,  at  the  same 
covered  with  smooth  pi^>er,  ruled  Ion-    time,  the  motion  causes  the  bulb  of  the 
gitudinally  into  31  columns,  to  corre-    thennomBter  to  mroach  some  source 
spend  to  the  days  of  the  month ;  and    of  heat  a  little  higher  tlian  that  of  ttie 
every  column  is  subdivided  into  6  equal    airj  aa,  for  instance,  a  small  ]amp,  by 
parts,  each  corresponding  to  4  hours.    Tfhioh  the  spirit  would  n^  lieyond  the 
The  cylinder  is  ruled  aeross  into  100     now  boriaoptal  ind^x*  leaving  it  at  toe 
divisions,  intended  to  corrs^nd  to  the    point  to  which  the  spirit  h^  contracted 
100^  of  Fahrenheit  mariced  on  the  or-    b^fora  the  redhiation  of  the  i««^* 
dinaiy  scale  of  the  mstrument,  which  is    ment    When  a  qierourial  t^itrmometer 
unnecessary  when  the  ^hnder  is  applied,    is  employed,  the  instrument  u  also  hung 
Thus,  as  the  cylinder  revolves,   the    TertlMty,  but  with  its  bulb  lowermost; 
point  of  the  pencil  wiU  trace  a  line  on    and  the  index,  thereibre,  resting  on  the 
the  paper  more  or  less  deviating  from  a    mercury.    It  is  brought  to  a  horizontal 
horizontal  line,  as  the  mercuiv  rises  and    position  by  the  same  means  as  the  other 
falls ;  and  thus  the  paper  will  present  a    thermometer ;  and  then  its  biUb,  com- 
chart  of  the  variations  of  the  thermo-    ing  into  contact  with  a  camd-nair  pen- 
meter  for  a  whole  month,  ttie  value  of    cil,  kept  continually  moist  with  water, 
which,  in  degrees  of  Fahrenheit,  will  be    is  cooled  so  as  to  cause  the  mercury  to 
indicated  by  the  numbers  on  the  margin    shrink,  and  leave  the  index  at  the  height 
of  •the  paper.    Keith  recommends  the    of  the  column  while,  the  instrument  was 
observer  to  have  a  copper  plate  for    in  the  upright  position, 
giving  ruled  impressions  on    smooth        By  a   subsequent  improvement    he 
paper,  to  be  applied  monUily  to  tiie    has  contrived  to  dispense  with  the  index 
cylinder ;  and  these,  boimd  up  together,    altogether.    This  modification  b  seen  in 
will  present  tabular  views  or  the  flue-   y^.  34,  where   two  thermometers  are 
tuations  of  the  thermometer  for  every    ^aced  parallel  on  the  same  piece  of  box 

Fig.  34. 


wood  or  ivory :  a  6  is  a  common  mer- 
curial thermometer ;  c  <l  is  of  the  same 
size,  but  is  not  hermetically  sealed.  The 
end  of  its  stem  is  ground  flat,  and  is  in- 
jvduced  into  the  qeek  of  a  wall  ball  at 
^/  wiuoh,  04  well  1^1  tl^  stm»  eoAteina 


some  mercury.  The  stem  is  pushed  up 
until  it  ji^t  reaches  the  ball,  to  whichil 
is  cemented  by  colourless  varnish. 

When  these  thermometcors  are  in  the 
upright  pQsitiaiv,  the  globide  of  merpanr 
meQB<i«BaUu&wi&ceof  tteiuba;  aaa 


THERMOMETER  AND  PYROMETER.  39 

6n  applyin|(  the  heat  of  the  hand  to  d,  diminution  of  temperature  has  sunk  a  b 

the  mercuiy  in  the  stem  joins  that  in  to  50'',  and  has  produced  a  contraction 

the  ball;  and  the  stem  will  remain  tilled  of  10"*  in  ed;  it  is  evident  the  sum  o« 

with  the  mercury  while  the  instrument  both  numbers  will  show  the  degree  at 

is  vertical :  but  when  it  is  brought  into  which  the  common  thermometer  stood  at 

a  horizontal  position  by  the  machinery  the  moment  of  the  change  of  position ; 

above  mentioned,  and  the  bulbs  ap-  which  in  this  case  has  been  60*. 

proximated  to  the  pencils  ef,  suspended  This  idea  is  most  ingenious,  and  is 

over  them  for  that  purpose,  and  supplied  said  in  practice  to  work  exceedingly 

with  liquid  through  the  channels  in  well.    It  promises  to  be  useful  in  meteo- 

them,  the  mercury  in  the  ball  will  leave  rological  investigations,  although  not  so 

the  orifice  of  the  stem,  and  that  in  the  complete  as  the  rc^ster  thermometer  oi 

latter  will  descend,  as  represented  in  the  Keith,  which  continues  to  note  its  own 

figure ;  and  its  subsequent  contraction  indications  for  a  whole  month ;   while 

is  marked  by  an  inverted  scale ;  which,  that  requires  to  be  readjusted  for  each 

with  the  indications  of  the  other  ther-  observation. 

mometer,  will  enable  us  to  ascertain  7.  We  shall  condude  this  chapter  by 

the  temperature  at  the  moment  of  the  a  notice  of  another  register  tliermometer 

reclination  of  the  instrument.    Thus,  as  invented  by  Dr.  Traill,  and  seen  in  Jig. 

\)oih  instruments  are  equal,  if  the  same  35.    It  is  a  single  spirit  thermometer. 


Fig.  36. 

A 

^^^M^B^^^^^^^^^^^^^^^^^^C^iJ|iU|  vf^^l^f-^^^q^^^^^^l^^^ 

'"^^mw' 

in  which  a  colunm  of  mercury  |  of  an  Chapter  IV. 
inch  in  length  b  introduced:  at  each  _.^      ^-  ,  nn.            a            j   ^r  • 
end  of  this  column  lies  an  index  of  fine  Dtfferentud  nermometers,  and  their 
steel  wire,  gilded  by  means  of  a  galvanic  ModificoHons. 
circuit,   to   prevent   oxidation  in  the  Thermomitbrs  of  this  kind  are   not 
spirit.    An  inspection  of  the  figure  will  affected  by  general  changes   of  tem- 
snow  how  the  variations  of  bulk  of  the  perature  in  the  surrounding  medium  ; 
spirit  in  the  bulb  will  move  the  column  out  are  delicate   indicators  of  partia^ 
of  mercury ;  and  by  this  the  indices  are  changes   affecting  one    of  their  balls. 
pushed  in  opposite  directions,  but  wiU  Some  of  the  forms  of  the  air  ther- 
remain  at  the  lowest  and  highest  points  mometer  described  by  Van  Helmont, 
to  which  they  are  driven  by  the  mer-  bear  a  general  resemblance  to  the  in- 
curv.    The  difference  between  the  two  strument  known  \sy  the  name  of  differ- 
scales  will  be  the  length  of  the  merou-  ential  thermometer:    biit    they    were 
rial  column.    The  indices  are  lnx>ught  rudely    constructed,    without   a    fixed 
in    contact  with   tiie   mercury   by   a  scale,  and  unsusceptible  of  accuracy, 
magnet.  or  of  application  to  the  delicate  inves- 
This  thermometer  has  the  advantage  tigations  required   by  modem  experi- 
of  giving  the  maxima  and  minima  by  mental  phik)s(^y.    We  are  indebted 
the  changes  in  volume  of  a  single  flukl ;  to  the  ingenuity  of  Professor  Leslie  of 
for  the  expansion  of  so  short  a  column  Edinburgh  for   a    perfect    differential 
of  mercury  is  quite  inappreciable.    The  thermometer,    and    its   application  to 
defect  of  this  construction  is  the  liability  some  veiy  important  purposes, 
of  the  mercuiy  to  separate  by  sudden  In  January  1800,  he  published  a  de- 
motions of  the   instrument.     This  is  seription  of   a  new   hygrometer  and 
least  likely  to  happen  when  the  mercu-  photometer^*  of  which  the  principle  de* 
rial  column  is  short  and  the  calibre  pends  on  the  difference  in  the  voluma 
of  the   tube  is  minute ;  and  it  is  to  of  air  contained  in  two  equal  balls  of 
admit  of  a  fine  tube  that  nlded  steel  glass,  conneeted  by  a  tube  bent  in  th« 
wire  is  prefimred  to  an  iiraex  coated • . 

with  gltm.  •  Nl0hnbBft*tJo«ni^  WK^n^N^  V*^V 
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iom  of  a  letter  U,  when  the  balk  are 
Qnequalhr  heated.  Thia  diftrence  is 
measured  by  the  motion  of  a  coknired 
liquid  contain^  in  the  bent  tube.  "  In 
orainarjr  eases,**  says  Leslie,  "ttiein- 
tarmediate  liquor  would  continue  sta- 
tionaiy ;  for  the  sir  in  both  balls  having 
the  sametemperalure,  and,  eonseqnenfly, 
the  same  dasticity,  the  opposite  pres- 
sures would  exactly  counteract  eadi 
other;**  but  if  one  ball  becomes  colder 
than  the  other,  "  it  is  manifest  that  the 
liquor  would '  be  pushed  towards  it  by 
the  superior  elasiidt}^  of  the  air  included 
in  the  other.**  Tms  b  the  principJe 
which  suijrgested  to  him  the 

I.  Difirential  Thermometer^  used 
witii  so  much  skill  and  ingenuity  in  those 
delicate  investigations  on  keai^  with 
which  he  was  occupied  from  the  above 
period,  until  the  pablication  of  his  work 
early  in  1804.  The  differential  thermo- 
meter in  its  most  usual  form  is  repre- 
sented in  (Jfg*  36,)  where  a,  6,  are  two 

Fig  SB. 


equal  glass  spherules,  connected  by  the 
tube  c,  d,  e,J,  slightly  dilated  just  lielow 
the  ball  a,  and  at  e,  and  partially  filled 
with  a  coloured  liquid,  as  represented  in 
the  ii^re.  The  dilatation  below  a,  is 
intended  as  a  reservoir  of  liquid ;  and 
that  at  e,  for  the  more  easy  adjustment 
of  the  liquor  to  the  commencement  of 
the  scale,  by  passing  bubbles  of  air  from 
one  ball  to  the  other.  The  hquid  re- 
commended  by  Leslie,*  after  many 
trials,  is  strong  sulphuric  add,  tinged 

*  KxperimeoUl  Inqoiry,  p.  417, 1804. 


byearmine.  The  scale  he  adoptat  n 
milieeimait  from  the  trtamr  to  the 
boiling  point  of  water ;  or  10  degrees  of 
it  are  equal  to  one  of  the  scale  of  Cd- 
sins.  The  instrument  is  cemented  to  a 
wooden  foot,  either  immediaftdy,  or  is 
fimiished  with  a  sliding  stem  to  adut 
it  to  different  heights.  Each  leg  of  the 
instmment  is  usiuJly  from  3  to  6  inches 
in  length,  and  the  balls  are  from  2  to  4 
inches  apart  The  calibre  of  the  stem 
e,f,  is  from  the  l-50th  to  l-60thof  an 
inch;  that  of  the  rest  of  the  syi^xm  a 
little  laxger. 

When  exposed  in  a  room,  or  in  the 
open  air,  the  differential  thermometor 
remains  atationaiy  at  0^  whatever  mi^ 
be  the  temperature  of  the  ambient  air; 
but  if  one  of  its  balls  be  more  heated 
than  the  odier,  the  une(|ual  expanskm 
of  the  included  air  puts  the  coloured 
fluid  in  motion.  In  employing  tins  in- 
strument in  experiments  on  the  radia- 
tion of  calorie,  its  prindpal  use,  the  ball 
a  is  that  to  which  the  heat  is  applied ; 
oris*  as  Ledie  calls  it,  the  ««filt en/ ball; 
and  the  mounting  of  the  liquid  in  the 
other  stem  indicates  the  mffhreitee  of 
elastidtr  of  the  air  in  both  oalls,  and 
hence  the  name  of  the  instrnmeoi.  It 
owes  to  its  insensibility  to  general 
chancy  of  temperature,  its  pecuBar  fit- 
ness for  measuring  the  influence  of  ra- 
diation. 

Hie  theory  of  the  instrument  sup- 
poses that  gases  expand  uniformly  wtth 
equal  increments  of  temperature:  this 
is,  perhaps,  not  strictly  true;  yet,  as 
Leslie  remarks,  it  is  so  nearly  correct, 
that,  in  the  limited  range  of  tne  instru- 
ment, the  inr^^arity  firom  that  cause  is 
quite  in^prcciable. 

It  is  worthy  of  remark,  that,  a  few 
weeks  after  the  publication  of  Mr.  Les- 
lie's "  Inquiry,**  a  part  of  the  "  Philo- 
sophical Transactions**  of  London  ap- 
peared, which  contained  a  set  of  expe- 
riments almost  similar  to  many  of  his, 
and  a  description  of  an  instrumoit,  in 
prindple  precisely  similar  to  his  differ- 
ential thennom^.    This  was 

2.  Runtfards  Thermoscope 

It  consisted  also  of  two  horisontal  balls, 
united  by  a  syphon ;  and  the  only  differ- 
ence fix>m  Leslie*s  Uiermometer  is,  that 
the  scale  is  attached  to  the  horixontal 
part  of  the  tube  (which  is  the  lonmt 

Cortion) ;  and  the  colound  liquid  »  a 
ubble  moving  to  and  fro,  when  the 
balls  are  unemially  heated,  in  the  hori- 
icmleiiQivilfsftUAtQhe,    Rumfiooti  pro* 
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to  have  borrowed  the  idea  of  the 
thermoscop'*  from  Leslie's  hygrometer ; 
but  the  latter  has  roundly  charged  him 
with  a  more  direct  plagiarism  from  the 
differential  thermometer ;  to  which  ac- 
cusation we  do  not  recoUect  that  any 
satisfactory  answer  has  bc^en  publishea. 
The  differential  thermometer  has  un« 
dergone  several  alterations  of  fcHrm  to 
adapt  it  to  particular  purposes  as  an  air 
thermometer.  One  of  ttie  most  com- 
mon is  seen  at  Jig.  37,  where  the 
ball  b  is  cemented  to  the  tube,  after 
the  introduction  of  the  liquid,  as  in  the 
old  air  thermometer,  but  this  form  has 
been  rendered  more  elegant  and  con- 
venient by  the  modificaticn  of  Dr,  De 
ButU  of  Baltimore,  (See  /ig,  38,)  in 

Pig.  38. 


Fig.'6l. 


which  no  cement  is  necessary;  for 
the  stem  and  lx)th  balls  are  imited  by 
the  blow-pipe.  These  instruments  are 
to  be  either  fixed  perpendicularly  on  a 
stand,  or  suspended.  The  liquid  is  con- 
tained in  the  lower  ball,  and  tlie  heat  is 
applied  to  the  upper  one ;  so  that  the 
stem  is  provided  with  a  descending  scale, 

3.  Leelie'e,  or  the  Thermometric 
Hygrometer, 

When  the  ball  of  the  differential  ther- 
mometer containing  the   supply  of  co- 
loured liquid  is  coated  with  several  folds 
of  tissue  paper,  and  kept  moist  with 
distilled  water,  the  instrument  becomes 
an  Hygrometer :  for  the  descent  of  the 
coloiuid  liouid  in  the  other  stem  will 
mark  the  oiminution   of  temperature 
caused  by  the  evaporation  of  the  water 
from  the  humid  surface;  and  as  this 
effect  is  proportional  to  the  relative  dry- 
ness of  the  ambient  air,  it  will  give  an 
indication  of  the  comparative  quantity 
of  water  suspended  in  the  atmosphere, 
at  the  different  times  of  observation.    In 
most  cases,  two  minutes  are  sufficient  to 
produce  the  full  effect  on  the  instru- 
ment ;  and  the  included  liquid  then  be- 
comes stationary,  imtil  the  whole  mois- 
ture is  exhaled  from  the  ball.     The 
drier  the   ambient    air   is,    the  more 
rapidly  will   the  evaporation   go  on; 
and  the  cold  produced  will  be  greater. 
When  the  air  is  nearly  saturatra  with 
moisture,  the  evaporation  goes  on  slow- 
ly ;  the  cold  produced  is  moderate,  be- 
cause the  baU  regains  alar^e  portion 
of  its  lost  heat  from  surrounding  bodies ; 
and  the  degree  of  refrigeration  of  the 
ball  is  an  index  of  the  dryness  of  the  air. 
Could  we  ascertain  with  precision  the 
capacity  of  air  for  moisture,  at  different 
temperatures,    this  hygrometer   would 
likewise  afford  a  measure  of  the  abso- 
lute quantity  of  water  suspended  in  the 
air.    The  most  approved  form  of  the 
instrument,  according  to  Leslie,  is  seen 
in  /Ig.  39.    The  balls  are  parallel,  and 
bent  from  each  other ;   o  is  covered 
smoothly  "with  several  folds  of  tissue 
paper,  which  is  to  be  kept  continually 
moistened  with  pure  water,  drawn  from 
the  vase  d,  by  the  capillary  attraction 
of  a  few  fibres  of  silk.    In  order  to  ob 
viate  any  inequality  from  the  disturbing 
effect  of  light,  the  ball  b  is  formed  of  pale 
blue  class ;  and  the  papered  ball  is  co- 
yereowith  thin  Persian  silk  of  the  same 
hue. 

Should  the  vatex  >aeeom^  ^ow^ck  ^w 
the  baU,  this  hygrom«l«  >w^  ^V^  ^^V\ 
for  evapoTation  goea  oxv  tcoxa  VW  %>ax- 
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Tbe  UiBiiMiiMtriB  hjgmautmc  u  of 
two  iDmu;  the  rtaftowwy.  Off.  8B,j 
aadthaporfaiMi,  which  roiwnMci  the  in- 
■tmiHnt  ddiiiMtwi  in  (/g.*lj,  without 
iti  glut  ihade.  Tliif  Utt  (arm  i*  d»- 
Andad  bf  k  woodoi  eaat  which  tenmt 
onr  i^  to  fit  it  f  or  tlH  pookat. 

4.  ItiO^t  PMomttar. 
Tint  ritgut  inttrument  ii  tha  diAren- 
tu4  themiDinBtBr,  corocd  b^  %  cue  o( 
tnncpaiBit  glui,  utd  hkving  one  of  iti 
balla  dtber  uiated  tiUck,  or,  what  it 
better,  fonaed  of  bUdc  glass  enuoel. 

Ibe  aiatumarg  Pbotometw  0^.  40) 

Fig.  to 


that  when  the  baQ  is  moist,  air,  at  t 
temperature  of  the  ball,  win  t^e  up. 
moisture  equal  to  the  sixteen  thou- 
sandth part  of  its  weight,  for  each  de- 
gree of  his  hygrometer ;  and  aa  ice  in 
melting,  requires  l-7th  of  the  caloric 
consumed,  in  conierting  water  into  va- 
pour, when  the  papered  ball  is  trozen, 
the  hygrometer  wdl  sink  more  than 
when  wet  by  1°  in  7°;  and  hence  in  the 
froien  state,  we  must  increase  the  value 
of  the  degrees  l-7th;  so  that  each  of 
them  will  correspond  to  an  absorntion 
of  moisture,  equal  to  one-fourteen  Uiou- 
sandth  part  of  the  weight  of  the  air. 

When  this  hygrometer  stands  at  IS°, 
**•"  ~ir  feels  damp;  from  30°'"""  — 

nit  dry;  fromStf't<  """ 
and  fh)ni  70°  upwards,  v 
it  intensely  dry.  A  room  will  feel  un* 
comfortable,  and  would  probably  be 
unwholesome,  if  the  instrument  in  it' did 
not  reach  30^.*  In  thick  fon  it  keeps 
almost  at  the  beginning  of  the  scale; 
In  winter,  in  our  climate,  it  ranges  from 
5°  to  li";  in  summer  often  from  1 9°  to 
SS°;  and  sometimes  attains  to  Bi)<ior  90°. 
The  matest  degree  of  dryneas  ever 
notic^  by  Leslie,  was  at  Paris  in  the 
month  of  September,  when  the  hygro- 
meter indicated  120^. 


has  txith  lis  balls  at  the  same  height, 
and  covered  by  a  spherical  shell  of  the 
most  traniparent  glass ;  which,  with  the 
annexed  glass  tube,  dated  the  balls 
from  the  disturbing  inflniDM  o(  cur- 
rents of  air. 

The  Poiiabh  Photometer  Ulg.  41) 
has  the  baUa  in  the  same  verticu  lin^ 
in  ordOT  to  admit  a  turned  tube  of 
wood  A,  of  the  same  form  aa  ita  eo«w 
a.  0,  to  KTew  on  the  brass  cd^  d,  m 
a  defnee  to  Itw  initrumcnt  when  n  Iki 
f(xUi\  «d  fci  further 
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socket  is  made  fo  unscrew  from  the 
of  the  instrument.  The  biiU,  6,  is 
lack,  or  deep  reddish-brown  enamel, 
ie  e  is  as  diaphanous  as  possible, 
graduation,  and  other  parts  of  the 
tometer,  are  on  the  same  scale  and 
struction  as  in  the  differential  ther- 
neter. 

hr.  Franklin,  and  others,  had  re- 
ked  the  superior  power  which  dark 
>urs  possessed  of  absorbing  the  ca- 
fic  influence  of  the  sun's  rays ;  and 
Watson,  afterwards  Bishop  of  Llan- 
-,  had,  in  1773,  observed,  that  when 
termometer,  having  its  ball  black- 
1,  was  exposed  to  the  8un*s  li{;ht,  it 
I  10^  higher  than  it  had  previously 
e  in  a  similar  situation.  There- 
"ches  of  Mr.  Leslie  put  this  fact  in  a 
•e  striking  point  of  view,  and  lod  to 
invention  of  this  instrument 
he  theory  of  the  photom^er  h^ngs 
he  supposition,  that  the  intensity  of 
t  emitted  fimn  any  body,  is  always 
x)rtiQnalto  the  tempeFature  eioited 
ts  i9cidenoe  on  the  blackened  ball 
I  is  probably  true  with  r^gafd  to  the 
ecomposed  rays  of  the  wxt^  in  wfakh 
calonc  and  the  lijghl;  If  drfltont 


kinds  of  matter,  are  intimately  blended ; 
but  there  is  strong  reason  to  suspect,  that 

S^ht  emitted  hy  terrestrial  bodies  is  not 
ways  proportional  to  the  concomitant 
temperature.  Thus  the  intense  splen- 
dour of  phosphorus  burning  in  oi^* 
gen  gas,  ^ves  out  far  less  heat  than  the 
comparatively  duU  combustion  of  hy- 
drogen in  the  same  gas ;  and  we  have 
found  this  photometer  often  more  af- 
fected by  the  emanations  from  a  fire  so 
dull,  that  not  a  single  letter  could  b^ 
discerned  in  a  well-printed  page,  than 
by  the  degree  of  daylight,  by  which  we 
could  read  the  same  print  with  plea- 
sure and  facility.  It  is  differently  af- 
fected too  by  light  of  different  colours, 
where  their  illuminating  propc^  ap- 
pears the  same ;  and  the  experiments  of 
Herschel,  Englefiekl,  and  others,  show 
that  the  maximum  of  heat  in  the  solar 
beam,  decomposed  by  the  prism,  by  no 
means  corresponds  with  tne  illumina- 
tion, but  is  even  altogether  beyond  the 
margin  of  the  speotrum.* 

As  a  measure,  however,  of  the  inten- 
sity of  undecomposed  solar  li^t,  it  ap^ 
pei^*s  to  support  the  character  it  le- 
ceives  from  the  inventor. — **  The  pho- 
tometer,'* says  he,  "  exhibits  distinctly 
the  progress  of  illumination  from  the 
moming^s  dawn  to  the  full  vigour  of 
noon,  and  thence  its  gradual  decline 
till  evening  spreads  her  sober  mantle. 
It  marks  the  growth  of  light  from  th9 
wmter  solstkie  to  the  height  of  sum- 
mer, and  its  subsequent  decay  through 
the  duskv  shades  of  autumn ;  and 
also  enatues  us  to  compare,  wiUi  nu* 
merical  accuracy,  the  brightness  of 
different  countries—- the  brilliant  sky 
of  Italy,  for  instance,  with  the  murky 
air  of  HoUand.'* 

The  direct  impression  of  the  sun's 
rays  at  noon,  about  the  summer  sol- 
stice, in  this  country,  equals  from  90° 
to  100°  of  this  instrument ;  and  at  mid- 
winter, the  foroe  of  the  solar  beams  is 
from  25°  to  28°.  The  indirect  hght, 
from  a  summer^s  sky,  at  noon,  is  froiq 
30°  to  40°;  in  winter,  it  is  from  lp°to 
15°.  In  the  most  gloomy  weather,  in 
summer,  the  photometer  rarely  indicates 
less  than  10^  at  noon ;  but  in  winter  it 
sometimes  barely  exceeds  a  single  de- 


The  observations  on  the  light  of  day 
with  this  instrument  shoukl  always  hk 
Bade  m  the  open  air ;  and  the  direot 

'      ■ 

Rof .  iBttitition,  Irot  V. 
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effect  of  the  sun*8  rajrs  noticed,  as  well 
as  the  indireet  reflection  from  the  sky. 

5.  Pyro9oope. 

When  one  ball  of  the  differential  ther- 
mometer is  smoothly  covered  with  thidc 
silver  leaf,  or  inclosed  in  a  polished  sphere 
of  silver,  and  the  other  ball  is  naked, 
it  lormB^fyromsope;  an  instrument 
intended  by  its  inventor,  Mr.  Leslie,  to 
measure  tlie  intensity  of  heat  radiating 
from  a  fire  into  a  room,  or  the  frigorifie 
influence  from  a  cold  body.  A  figure 
is  unnecessary,  as  the  instrument  is 
usually  made  either  like  the  differential 
thermometer,  lil^e  that  represented  in 
{flg.  37,)  or  the  hygrometer,  (fig.  39.) 
The  theory  of  its  construction  and 
application  is,  that  all  the  rays  inci- 
dent on  the  metallic  surface,  are  re- 
turned from  it ;  while  those  that  reach 
the  transparent  ball  expand  the  air 
within  it,  and  depress  the  coloured  li- 
quid in  the  stem.  In  this  way  the  com- 
parative radialion  from,  various  bodies 
may  be  ascertained ;  and  it  is  to  delicate 
an  instrument,  that  m  a  warm  room  it 
will  be  visibly  affected  by  a  pitcher  of 
cold  water,  at  the  distance  of  a  few 
inches. 

6.  The  jEthrioicope  of  Leilie  is  ano- 
ther modification  of  the  differential  ther- 
mometer which  we  shall  here  notice. 
One  of  its  most  usual  forms  is  given  in 
fig.  42 ;  and  is  what  the  inventor  calls  the 
Pendant  JSthrioscope.  The  ball  a  of  the 
thermometer  is  inclosed  within  a  brass 
sphere,  d,  d^  without  touching  it ;  and 
for  the  convenience  of  a^ustaien^  this 
sphere  may  be  unscrewed  m  the  middle. 
Ijie  other  baU,  b,  which  is  about  one  half 
the  diameter  of  the  first,  is  in  the  centre 
of  an  oblong  spheroidal  cup,  c,  c,  which 
may  be  covered  by  a  top  that  fits  on  at 
J[tj»  The  coloured  liquid  in  the  stem 
is  supported  by  capillary  attraction  in 
the  dilated  extitsmity  of  the  tube,  where 
it  joins  the  ball  a.  The  brass  work  is 
highly  polished,  and  the  inside  of  tlie 
spheroidal  cup  is  well  gilt.* 

This  very  elegant  instrument  is  in- 
tended, in  the  language  of  Mr.  Leslie, 
"  to  indicate  the  cold  pulses  emanating 
from  the  sky ;"  or,  in  other  words,  to 
^ve  a  comparative  idea  of  the  radia- 
tion proceeding  from  the  surface  of  the 
earth  toward  Uie  region  of  perpetual 
congelation  in  the  almosph^.  The 
brass  coverings  defend  both  balls  fincMm 
the  infiuence  of  the   sun*s  rays,    or 

«  Edin.  Phil.  Tram.,  Jt^.  vVil 


dfo 


other  adventitious  souroet  of  heat  J  and 
when  the  ball  b  is  coaled  by  radiation 
toward  the  heavens,  the  air  within  it 
contracts,  and  the  daakkity  of  tiiat 
within  a,  forces  up  the  liquid  in  the 
stem,  the  height  of  which  marks  the  in« 
tensity  of  the  radiation. 

When  the  cover  is  on,  the  liquid  re- 
mains at  0^ ;  but  when  it  is  removed, 
and  the  instrument  presented  to  a  dear  . 
sky,  either  by  night  or  by  da,y,  it  in-  1 
stantly  begins  to  rise,  and  continues 
to  mount  until  the  ball  b  has  sustained 
the  greatest  diminution  of  temperature, 
which  radiation  at  that  time  can  pro- 
duce.t 

The  circumstances  which  fiavour  ra> 
diation  from  the  surface  of  the  earth  to- 
ward the  sky,  namely,  a  clear  and  catai 
atmosphere,  are  admirably  pointed  out 
by  Dr.  Wells,  in  his  excellent  Essay  oa 
Dew :  and  this  instrument  becomes  t 

t  Leslie  a^pearalobftTe  been  led  to  tkb  isvealia, 
bjr  tome  of  hie  own  experiments  on  ndiaat  flstettl 
bvt  it  b  proper  to  stale,  that  Dr.  WoUaalea  lill 
shown,  that  when  a  delicals  theragmeter,  fai  thtfcMI 
of  a  eoneaTe  nstaUie  miirsi^  ia  MiMBtad  la  the  Ar  r 
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rftluable  indicator  of  the  state  of  the  gister  hygrometer.    A  double  scale  lies 

air  favourable  to  the  deposition  of  that  along  the  horizontal  part  of  the  instru- 

interesting  meteor.    Such  Is  its  extreme  ment. .   When  the  indices  are  adjusted 

lelicacv,  that,  when  rising,  its  progress  for  a  fresh  observation,  they  are  brought 

IS  checked*  by  the  smallest  doua  sailing  by  a  magnet  to  each  extremity  of  the 

3ver  it ;  and  it  may  be  kept  in  a  state  of  little  column  of  mercury.* 

oscillation,  by  being  alternately  stretched 

)eyond  the  edge  of  a  parasol,  and  drawn  Chapter  V 

prrthin  its  shade,  when  the  sky  is  clear  q^  ^^^  ^^^^^  Applications  of  the 

iJjCi  serene.  ^wlj--,,^- _,_  „j-_ 

Besides  the  forms  given  above,  Leslie 

lescribcs  two  others,  the  Standard  and  Thbrb  are  a  few  applications  of  the 

he  Sectorial,    The  first  has  the  stem  thermometer   to    certain  useful    pur- 

)ent  up  as  in  the  hygrometer,  and  one  poses,  which  ought  to  find  a  place  in 

>f  the  balls  coverea  with  silver  leaf  or  the  history  of  the  instrument ;  I  allude 

^t,  near  the  side  of  the  cup  c,  c,  with  particularly  to  the  Statical  Thermometer 

he  naked  ball  in   the    centre,  as  the  of  Dr.  Cununing,  the  Balance  Hiermo- 

>a]ls  a,  b,  in  A.    The  second  has  the  meter  of  Mr.  Kewley,  the  Hygrometri- 

mp,  c,  c,  formed  with  a  notch  in  its  cal  Instrument  of  Air.  Daniell,  and  Uie 

x)ttom,  for  admitting  a  partial  vertical  Barometrical    Thermometer     of  Mr. 

notion  round  the  ball  b.     The  motion  Wollaston. 

m  given  by  means  of  a  toothed  sector       1.  The  Statical  Thermometer  of  Dr. 

indf  pinion ;  from  which  the  name  is  Gumming,  now  of  Chester,  was  con- 

lerived.     This  form  is  appUcable  to  trived  by  Uiat  gentleman,  in  1808,  and 

ascertain  the  radiation  from  the  earth,  intended  by  him  as  a  mode  of  opening 

when  we  ascend  a  mountain,  or  rise  in  and  closing  windows  and  ventilators  in 

a  balloon.  apartments,  b}^  the  variations  in  tempe- 

7.  The  differential  hygrometer  and  rature  of  the  included  air.    This  inge- 

photometer   would    have    come    into  nious  application  of  statical  princi^es 

more  general  use  had  they  indicated  the  was  shown  to  numerous  friends  at  dif- 

maximum  and  minimum  between  any  ferent  times,  in  his  residence  at  Den- 

two  times  of  observation.    In  their  pre-  high,  and  was  afterwards,  for  a  consi- 

sent  construction  they  only  show  the  derable  time,  exhibited  in  the  Denbigh 

state  of  the  atmosphere  at  the  moment  Dispensary.    The  general  form  of  the 

of  observation,  and,  therefore,  require  instrument  is  represented  in  Jig.  44, 

■n  attention  which  few  have  leisure  or  where  a  6  is  a  glass  matrass,  or  a  ball 

inclination' to   bestow  on  meteorolo-  and  tube  of  iron;  the  globular  termi- 

gical  observations.     To  render  them  nation  of  which  is  capable  of  containing 

more  extensively  useful  the  following  four  or  five  pints  of  au*,  and  the  tube 

altmtion  is  suggested,  by  which  they  is  about  twenty-five  inches  in  length, 

are  brou^t  neany  to  the  thermoscope  and  from  one  to  two  inches  in  diame- 

of  Rumford  in  form.    The  tubes  con-  ter.    A    portion  of  the  tube  is  filled 

necting  the  balls  have  the  upright  part  with  mercury ;  and  in  this  state  it  is 

of  their  stems  shortened,  and  the  hori-  inverted,  ana  its  extremity  plunged  in 

zontal  part  extended  :  instead  of  a  co-  a  cylindrical  jar  for  containing  the  same 

loured  fluid  fiUing  the  stems,  there  is  a  fluid.    The  ball  is  covered  by  a  net  of 

short  column   of  mercury  introduced  strong  cord,  or  of  wire,  which  forms  a 

into  the  horizontal  part  of  the  stem;  ring  at  the  top,  for  the  suspension  of  the 

the  motion  of  which,  towards  either  ball,  ball  and  tube.   From  this  ring  passes  a 

carries  before  it  a  piece  of  steel  wire,  cord  over  the  pulley,  d;  and  it  may 

which  constitutes  the  index  of  maximum  either  pass  upward  under  the  pulley,  e, 

and  of  minimum  change  duraig  the  to  be  attached  to  the  frame  of  a  swing 

absence  of  the  observer.    This  con-  window,  as  shown  at  ^ ;  or  downwards 

struction  will  be  readily  understood  irom  over  the  pulley/,  to  be  fixed  to  the  ven- 

the  figure  43,  wluch  represents  the  re-  tilator  h.    When  the  heat  of  the  apart- 

1^^  ^3^  ment  expands  the  air  in  the  ball,  it  de- 

^**     *  presses  the  mercurial  column  in  the 

tube,  b;by  which  the  whole  instrument 

•  TM«  inttnimeat  acts  Talher  rfowly,  and  tha 
■MtioB  of  the  indices  is  not  HnitetmootK;  Wy\\.%.v 
paars  capa1>le  of  tupD\^«  %  A««wAfttateWA  \\i  \mp 
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leh  lighter  u  fit*  mkht    pawmw  awMtdttrnMe  paiwti  t  fcr  ■  t 
ozpdled  Ihn  the  tnbe,    tube  tvn)  htcfaM  m  diaiHttr,  ataty  fauk 


fl».M. 


or  M  of  tbi  v«Bm  ii 
MBiTKlait  to  a.  moriDR  pomr  of  abovt 
«M  pound.  It  U  liddc  to  ba  ■li^Qr 
aimed  alao  bf  efaai^aa  in  atnn^ba- 
riBjnnura. 

Ih-.  CnnUBidga'a  attantiM  «m  dnwB 
to  the  m^MHtaiiM  of  tagnlitad  Vm- 
perature  in  the  treatment  of  ^aeaa^ 
vbether  in  puUia  mMmma  ac  in 
|ri*aia  Braefioa,  and  tiia  tmtttaam 
^wra  Bottoedwaa  tha  Uiethod^irtM 
Kfuutad  to  obtafai  Sua  ivpartait 
hatha  aoan  pMwnadtMt  (te 


oUaet:  hatha  aoon  pwewfad 
piUKUla  vaa  af^fitafalato  mto 

arokfwal  napiiaei ;  and  ttae  hii  _  ^ 

bat,  Sk  luk  nanda,  undeigoiia  awjeeMtii 


and  the  neiieht  at  the  top  of  the  win- 
dow, or  of  the  ventilator,  opens  these 
apertures  which  nere  kept  shut  by  the 
wei^rht  of  the  statical  tube  and  balL 
On  Ihf  other  hand,  when  the  cooling 
ot  the  air  in  the  chamber  causes  the 
contraction  of  the  air  included  in  the 
ball,  the  pressure  <  [  the  atmosphere 
forces  the  mercury  irlo  the  tube,  which 
thus  beoomes  so  mucn  heavier ;  and  aa 
it  descends,  it  drags  with  it  the  wiiwlow 
frame,  or  ventilator,  attached  to  it. 

This  ^ple  and  very  ingenious  con- 
trivance IS  applicable  to  hot-housps, 
rooms,  and  apartments  of  every  de- 
•eriptjon,  that  are  liable  to  cwslder- 
«Ue  cluuigea  ut  tempenLture -,  auii  tl 
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wide  ft  fidd ;  but  it  ma^  be  proper  to 
fltrfe»  thftt  finished  drawing  of  them  all 
fasfe  been  in  the  possession  of  a  dis- 
tmgaishcd  member  of  the  Meteorolo- 
CmSI  Society  of  London  fbr  upwards  of 
fcdr  yean.  The  principle  of  them  will 
be  ffcaifily  understood  from  the  pre- 
mSn^  flgui«,Off  .45,)  in  which  a  repre  • 
MBta  an  afar  thermometer ;  b  a  lierometer, 
from  the  opposite  side  of  the 
,to  eompensate  the  influence  of 
I  fai  atmoepherie  pressure  on  the 
dd  IS  a  siphon-eistem,  in 
of  whidi  the  mercuiy  will 
Umtyw  tamam  on  the  same  level ;  /  is 
'  lext  to  wliieh  a  pencil  may  be 
fbr  traefaig  the  Tariations  of  the 
Mot  on  a  plate  reyolTing  by 
of  dodi*work. 


totti  wdca 


The  portions  of  the  tubes  which  dip 
into  the  mercuiy  should  be  of  equal 
substance;  and  the  tube  of  the  air- 
thermometer  should  be  a  cylinder  ca- 
pable of  containing  twice  as  much  mer- 
cury as  the  corresponding  portion  of  the 
barometer  which  counterpoises  it.  A 
small  correction  may  be  required  for  the 
varying  immersion  of  the  tubes,  pro- 
duced bythe  oscillations  of  the  instru- 
ment. This  must  be  determined  by  ex- 
periment, and  allowed  for  in  the  gra- 
duation of  the  scale. 

2.  The  Balance  Thermometer  of  Mr. 
Kewley  is  a  contrivance  for  a  similar 
purpose,  and  is  represented  in  /ig, 
46,  A. 

This  instrument  is  the  subject  of  a 
patent,  the  date  of  which  is  )  81 6.    It 
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of  a  tube  of  glass,  a,  a,  closed 
It  e;  and  terminating  at  e  in  a  ball, 
vfaich  comtnanieates  with  another  tube 
of  sflMllcr  diameter,  which  also  termi- 
■lesin  a  Inill  at  d,  having  a  communi- 
otkm  with. the  external  air  at/.  The 
triic  «,  a,  and  one  half  of  the  ball,  e, 
■c  llfed  with  spirit,  or  any  light  easily 
apansil)le  fluid.  The  other  tiibe,  from 
I  to  tf ,  is  flUed  with  mercury.  The 
vhok  is  suspended  in  the  iron  frame, 
A,  I,  A,  m,  B,  by  means  of  two  clamping 
^aeea,  which  are  adjusted  to  the  tubes 
9f  the  screws,  o,  o.  The  centre  of  gra- 
v#y  is  suitably  adjusted  by  means  of 
tkoM&ed  nut,  sunk  in  the  transverse 
tui  of  the  frame,  and  receiving  the 
Ui;  in  order  that  the  whole  may 
on  the  knife  edges,  m,  n,  des- 
lo  rest  on  surfaces  resembling  the 
frame  of  a  eommon  balance, 
lie,  ji,  is  moved  by  the  nut.  A, 
•a  tht  artior  of  which  is  a  pinion  playing 
k  Hit  isaik  of  the  plate,  p. 
II  li  otof  iaas»  that  i^  a^agtiag  the 


mercury  in  each  arm  of  this  balance,  it 
will  be  in  €BquiUbrio ;  but  when  the 
spirit  in  a  is  expanded  by  heat,  it  will 
force  some  more  of  the  mercury  into 
the  ball,  d,  and  that  arm  of  the  instru- 
ment will  preponderate ;  when  it  ap:ain 
contracts,  the  atmospheric  pressure  will 
cause  the  mercury  to  resume  its  original 
situation. 

The  instrument  may  be  used  as  a 
thermometer,  by  ascertaining  at  what 
temperature  it  is  in  equilibrio,  and 
when  either  end  preponderates,  finding 
how  much  is  necessary  to  restore  the 
balance  bv  the  motion  of  the  brass 
plate,  p ;  but  its  chief  value  arise^  trom 
its  applicability  to  shut  and  open  doors 
or  windows,  according  to  the  tp!nj)era- 
tiue  of  the  apartment ;  in  which  ca^c, 
a  lever,  or  tooth-wheel,  is  fixed  on 
one  of  its  centres  of  oscillation.  It  is 
almost  needless  to  remark,  that  the 
whole  may  be  constructed  of  iron,  and 
of  any  convenient  sue.  \tv  \w\\tvV  q\ 
simplicity  and  cheapnesa«VioNs«Ni£t,\\.\sk 
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infiirior  to  that  proposed  bj  Dr.  Cum- 
ming,  which  preceded  it  in  date;  al- 
tho^h  until  now  no  detailed  account  of 
that  mvention  has  been  published. 
*  3.  The  Barametrieal  ThtrmomeUr  of 
the  Rev.  F.  Wollaston  is  seen  in  fig. 
47,  A.     It  b  a  thermometer  with  a 


Fig.Al. 


large  bulb,  devised  for  the  measurement 
of  altitudes,  by  observing  the  teimpera- 
ture  at  which  liquids  boil  on  different 
elevations ;  *  on  the  principle  first 
pointed  out  by  Fahrenlieit,t  that  the 
boiling  of  a  fluid  varies  with  the  pres- 
sure of  the  atmosphere.  Cavallo  first 
applied  this  principle  to  the  measure- 
ment of  heignts,{  and  the  instrument 
prcmosed  by  Mr.  Wollaston  is  intended 
to  facilitate  this  method. 

The  bulb  of  the  mercurial  thermome- 
ter he  proposed  to  use,  is  one  inch  in  dia- 
meter, with  a  dilatation  A,  as  seen  in  B, 
and  ending  in  a  capillary  tube,  five  indies 
long,  which  is  not  closed  in  the  usual 

•  PhiL  Traat.  for  1817. 
t  PhiL  Tnat.  toL  xiziU 
FliU.  TVaas;  vdL  Ixri*. 


but,  after  bemg  broken  off 
smoothly,  is  sealed  bv  a  little  eap  of 
l^llass,  as  at  t,  f.  Tne  scale  is  4.16 
mdies  long,  divided  into  100  parts,  and 
Biay  be  subdivided  by  a  veniiar  into  1000 
parts  ;  giving  241  puts  to  each  indi  of 
the  scale ;  and  to  wdlitate  obaervation, 
these  are  read  off  by  a  small  km  Jointed 
to  the  index,  but  nik  lepmentod  in  on 
figure.  The  index  is  moved  bgr  ani- 
crometer  screw, dL  Thethennometaris 
sapporled  by  means  of  staffing  lieliiaMi 
two  cirotilar  plains  of  metal,  c^  €^  tbnmglb 
which  it  passes,  and  which  are  tightinul 
by  screwing  them  together.  Tbcj  fan 
a  metallic  collar,  thnt  magr  be  aorened 
by  either  end  into  the  top  of  the  ooppor 
w^^^f^g^  whidibeeomea  the  ease  ef 
the  thermometer  on  inverting  K;  and 
then  the  bulb  is  protected  by  a  ooppor 
cap  C,  which  also  serves  as  a  UMasore 
of  the  due  (quantify  of  water  to  be  need 
in  the  expenment  The  portion  of  the 
eoppertobe  below  the  bonooi,  |f,  of  ttie 
boUer,  bcapatdeofholdiQg^lanm^e 
which  is  attached  to  it  by  two  mmg 
wires.  Thns  the  instnunent  beeaaws 
very  portable.  The  bmler  is  hA  indies 
deep  and  1.2  in  diameter,  with  an  aper- 
ture at  the  top  to  pennit  the  eacape  of 
the  steam,  by  whicn  the  heat  is  applied 
to  the  bulb. 

When  we  have  to  deteraune  an  alti- 
tude, the  boiling  point  is  noted  at  the 
bottom  of  the  eminence,  and  again  when 
we  have  ascended ;  andthevuueof  the 
difflerence  between  those  points  on  the 
scale  having  been  ascertamed  by  expe- 
riment, we  can  estimate  the  height 
ascended,  provided  no  chaqge  has,  in  the 
mean  time,  taken  place  in  the  barome- 
trical pressure ;  or  these  points  may  be 
simultaneously  found  by  two  observers. 
The  only  correction  requhed  is,  far  tlie 
specific  gravity  of  air  at  different  tem- 
peratures, which  may  be  found  by  Ge- 
neral Roy*s  tables.  The  use  of  the  di- 
latation, A,  is  to  receive  the 
mercury,  before  it  arrives  at  the 
point :  and  the  small  cap,  t,  t,  is  int 
to  receive  a  globule  of  mercury,  to  be 
detached  occasionally  from  the 'cctosni 
in  the  stem,  when  it  is  wished  to  alter 
the  range  of  the  scale  to  suit  vaiioos 
altitudes.  The  method  of  sqparatiiig 
this  globule  is,  to  elevate  tiie  mereuzy, 
by  heating  the  bulb  until  the  thread  of 
metal  majr  be  shaken  over  the  flat  end 
of  the  capillary  tube ;  and  when  we  wirii 
to  join  the  gjlobule  again  to  the  tbiiiai!, 
the  two  portions  of  mercmY  arebroo^ 
into  Qoatsfit  by  heat,  andtnenaatbiiii- 
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ftrument,  hek}  in  the  vertical  position, 
cools,  the  globule  will  follow  the  thread 
into  the  stem. 

This  instrument  is  of  great  delicacy ; 
being  cwable  of  showing  a  difference 
of  utitude  of  not  more  tlum  three  feet ; 
but,  unfortunately,  although  not  very 
bulky,  it  is  not  very  portable,  from  the 
liability  of  the  stem  to  be  broken  by  the 
weight  of  the  bulb,  even  firom  the  usual 
jolting  of  a  carriage ;  an  accident  which 
happened  thrice  to  the  writer  of  this, 
within  one  month.  From  this  cir- 
cumstance, and  its  price,  it  is  not  likely 
to  supersede  the  barometer  in  geological 
survevs. 

4.  M.  Le  Roi  was  the  first  who  sug- 
gested the  temperature  at  which  dew 
begins  to  be  deposited  as  a  method  of 
ascertaining  the  moisture  of  the  air. 
De  Luc  has  the  merit  of  having  proved 
that  the  quantity  and  force  of  vapour  in 
a  vacuum  of  any  given  dimensions,  are 
equal  to  its  force  and  quantity,  in  an 
equal  volume  of  air,  at  the  same  tem- 
perature ;  or  that  the  force  and  Quantity 
of  vapour  in  the  air  are  dependant  on 
its  temperature.*  This  was  confirmed 
by  Mr.  J.  Dalton,t  who  investigated 
the  force  of  vapour,  at  every  tempera- 
ture, from  0^  to  above  212'  Fahren- 
heit, and  expressed  this  force  by  the 
height  of  the  mercurial  column,  which 
it  could  support  in  a  Torricellian 
tube.  These  results  are  given  in  a  ta- 
bular form,  and  are  thus  easily  applied 
to  hygrometric  purposes.  Dalton  finds 
the  £w  point,  like  Le  Roi,  by  pouring 
cold  water  into  a  dass,  and  marking  the 
temperature  at  u%ich  it  just  ceases  to 
cause  the  deposition  of  dew  on  the  sides 
of  the  glass,  in  the  open  air.  This  is 
the  point  at  which,  in  an  air  of  that 
temperature,  dew  would  just  begin  to  be 
formed.  From  this  fact  he  is  able  to 
infer,  not  only  the  force  exerted  by  the 
vapour,  but  its  quantity  in  a  perpendi- 
cular column  of  the  whole  atmosphere, 
and  the  force  of  evaporation  at  tM  time 
of  observation. 

Thus,  if  the  dew  point  be  i5%  the 
force  of  vapour  in  Dalton*s  tables  0.316 
of  an  inch  of  tiie  mercurial  column,  or 
the  one-ninety  fifth  of  the  whole  atmos- 
pheric pressure ;  or,  if  the  specific  gra- 
vity of  steam  be  0.70,  the  weight  of 
the  steam  or  vapour  in  a  given  volume 
of  air  wiUbe  the  one  hundrod  and  thirty- 
sixth  part  of  the  whole.  Now,  as  the  foioe 
of  a  tchote  cUmoiphen  qf^team,  at  the 

•  Recherehes  rar  1m  MofitettioM  de  l*Atmonlilm 
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surface  of  the  earth,  woukl  be  the  weight 
of  a  perpendicular  column  of  it,  and  as 
in  a  mixed  atmosphere  of  steam  and  air, 
the  force  exerted  by  each  is  as  their  re- 
lative weights,  it  follows,  that  when  the 
dew  point  is  45^,  the  whole  superincum- 
bent column  of  vapour  in  the  atmosphere, 
being  equal  to  the  one-ninety-fifth  of 
the  whole  atmospheric  pressure,  will  be 
eauivalent  to  a  pressure  of  4.30  inches 
01  water ;  or  the  vapour,  if  condensed, 
would  aflford  that  depth  of  water.  From 
these  data,  Dalton  nas  shown  how  we 
can  find  the  force  of  evaporation  at  a 
given  time :  for  the  quantity  of  water 
evaporated  firom  a  given  surface  is 
proportional  to  the  maximum  force  of 
vapour  at  the  temperature  of  that  sur- 
face ;  it  being  understood  that  the  va- 
pour is  still  in  contact  with  a  surface  of 
water.  Hence,  if  we  have  the  dew  point 
45^,  while  the  temperature  of  the  air 
is  50^,  by  subtracting  the  force  of  va- 
pour at  45<>  from  that  of  50^,  we  shall 
obtain  the  force  of  the  evaporation  at 
that  time — thus,  .375 — .316ss.059,  the 
force  of  evaporation. 

5.  It  is  on  this  principle  that  Danielft 
Hygrometer  is  constructed ;  the  inven- 
tion of  a  gentleman  distinguished  for 
his  meritorious  labours  in  meteorology. 
It  was  published  in  1820,  along  with  a 
meteorological  table,  and  seems  to  have 
been  suggested  by  the  cryophorus  of 
Wollaston.  J  The  form  of  the  instni- 
ment  is  seen,  as  last  improved  by  Mr. 
Daniell,  in(y^.48.)    The  ball  a  is  of 

^1^^.48, 
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talMk  i^tii,  aboiit  OM  aai  a  qutiter 
iMh  kk  diaBMter,  and  b  wmoMkal  with 
a  baft  if  of  the  saoie  nn^  b^  a  bent  tube 
aneeii^  of  aa  ineh  in  ditmeter.  A 
aortkNi  of  eubhoiie  cttior*  euflkdent  to 
Itt  thne-fomew  of  the  beU  a,  is  intro- 
doeed;  annallBMioiirialthenMnelery 
with  a  wmihim  bulb,  is  ixed  in  the 
liaili  a  a,  ttie  ■tmogphcrie  air  b  ai- 
peUei  as  aonpleidhr  as  possible  i  end 
the  whole  b  sealed  at  e.  Iteballifb 
oarcred  with  nMistin ;  tta  whole  b  eup- 

ported  on  a  brass  stand /ir»  Ml  whieh 
»  another  deUoate  acmuial  ttiamo- 
Bieter.  The  tube  ean  be  nmofed  fton, 
the  sprina  tube  A;  and  tiie  whole»  to- 
gethsr  wSh  a  pUsl  of  other,  jMohed 
neatly  in  a  box,  that  aoes  eaeilf  mtothe 
pocket  The  methodin  iMth  the  dew 
point  b  indicated  by  thb  instnunent,  b 
es  follows :— The  vther  b  aU  broiu;ht 
into  the  beU  a,  by  inclining  tte  tuM; 
the  beUs  are  plased  peq>endioularty ; 
the  temperature  of  the  ambbnt  air  b 
now  noted;  sither  b  poured  fiom  a 
drof^Maa  tube  that  fits  the  nouth  of 
the  smaS  nlual,  on  the  aauslia  oaver  of 
di  and,  the  oold  produced  by  its  eva- 
poration, causing  a  condensation  of  the 
dastb  sthereal  vapour  wi&in  the  ball, 

Eroduoes  a  n^id  evaporation  from  a, 
y  which  the  temperature  of  the  ther- 
mometer in  it  mks ;  and  when  the 
black  ball  b  thus  cooled  to  the  dew 
point,  a  film  of  condensed  vapour,  like 
a  ring,  surrounds  the  ball  If  the  ther- 
mometer be  at  that  instant  noticed,  we 
obtain  the  true  dew  point  of  air  at  the 
temperature  indicateci  by  the  other  ther- 
mometer. 

The  observation  b  made  in  a  very 
short  period;  and  much  of  the  labour 
required  in  the  method  of  Le  Roi  ia 
saved.  There  seems  but  one  oljection 
to  thb  very  ingenious  instrument,  and 
it  b  one,  which,  even  with  much  prac- 
tice, b  not  easily  obviated.  The  simace 
on  which  the  dew  condenses,  b  small, 
and  requires  a  peculiar  light  to  be  well 
seen;  while  the  attention  of  the  ob- 
server, distracted  between  the  close  in- 
spection of  the  surface  of  the  black  ball, 
and  the  included  thermometer,  b  not 
always  able  to  fix  with  absolute  preci- 
sion the  dew  point. 

6.  Tlib  instrument  has  been  modified 
in 

Mr,  Thoi,  Jones' 9  Hygrometer ; 

an   instrument  on  exacUy  the   same 

principle  as  the  original  mvention  of 

I)anidl,  but  sinipler  in   construction, 

more  compact,  and  less  expensive.    It 

u  seen  in  jfg.  49,  consisting  of  a  de'b.'* 


Fig.  49. 


cate  mercurial  tiiennomeler,  with  its 
tube  at  a,  b,  bent  so  as  to  bring  its  cy- 
lindrical ball  c,  paraUd  with,  and  at  a 
little  distance  from,  its  stem.  The  bulb 
b  one  inch  long,  and  b  temunated  by 
a  flattened  surface  i,  of  UmA  glass, 
which  projects  a  little  bmod  the  sides 
of  the  bulb.  The  bulb  bdow  the 
flattened  sur&oe  b  covered  with  black 
silk.  The  instrument  b  supported  on 
the  wire  ef,  which  b  attached  to  the 
scale  by  a  pivot,  that  allows  the  l>ladc 
smrface  to  be  indined  to  Uie  light,  and 
the  whole,  with  a  phial  of  mier,  are 
contained  in  a  smalfcase.  • 

When  used,  the  temperature  of  the 
air  b  first  noted ;  then  ssther  b  poured 
on  the  silk  cover  of  the  bulb ;  and  the 
condensation  of  the  dew  b  seen  on  the 
black  extremity  of  the  bulb. 

The  difficulty  of  marking  the  indinent 
condensation  on  these  instruments  b 
the  same  J  and  it  has  produced  various 
modificabons  of  the  instrument 

7.  Dr.  Gumming,  of  Chester,  finds  that 
the  dew  point  b  most  conspicuously 
shown,  by  inclosing  the  bulb  of  a  ddi- 
cate  thermometer,  covered  by  a  spongeb 
in  a  tube  of  planbhed  tinned  utm,  sihrar, 
or  platina.    When  the  sponge  b 
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ened  with  any  very  evaporable  fluid, 
Kuch  as  aether  or  alcohol,  and  a  stream 
of  air  blown  through  the  tube,  a  more 
rapid  and  more  conspicuous  deposition 
of  dew  takes  place  on  the  surface  of  the 
metallic  tul)e,  than  we  ever  recollect  to 
have  observed  in  similar  experiments. 

Fig,  50  is  Dr.  Cumming*s  hygrometer 
fitted  to  a  portable  air- syringe,  uf  which 
a  current  of  air  is  produced  through 
the  tube  B  B.  The  bulb  of  the  delicate 
thermometer  within  it  is  surrounded 
with  fine  sponge,  to  retain  the  evapo- 
rable  fluid ;  the  tul)e  B  B  is  of  highly 
polished  metidt  with  an  aperture  in  its 
upper  part  oovered  with  i^  gtesa  tube, 
for  the  inspection  of  the  thfnawnrter, 
as  represented  in  the  figuie. 


Chapter  VI. 

On  tht  hnperfecHoM  eommon  to  aU 
Jnttrummts  fir  the  hukeaiion  qf 
Heat. 

1.  Tui  tenns  thermometer  and  j^ro^ 
meter  might  lead  to  the  supn08inon» 
that  the  instruments  so  desigiufled  were 
actual  indicators  of  the  quantity  of  oe- 


lorie  contained  in  those  bodies  to  which 
they  are  applied ;  but  a  single  experi* 
ment  is  sufficient  to  show  that  this  view 
is  erroneous.  If  we  place  equal  quan- 
tities of  watar  and  of  snow,  both  at 
temperature  32°,  in  a  room  at  60^  the 
temperature  of  the  water  will,  as  indi- 
cates by  the  thermometer,  after  some 
tim^t  rise  considerably ;  but  the  effect 
of  Uie  heat  on  the  ice  will  only  be  to 
melt  it  partially,  while  its  temperature 
remains  steadily  at  38*.  Here  we  have 
ealorie  received  by  the  ioe  which  does 
not  affect  the  thermometer. 

The  princ^^  upon  which  the  ther- 
mometer and  the  pyrometer  act  is,  the 
tendeninr  whidi  h(m  or  eahric  has  to 
diffuse  itadf  among  ocmtiguous  bodies. 
When  applied  to  a  hot  body,  they  ac- 
quire a  portion  of  the  heat  from  that 
body ;  and  wh^  applied  to  a  cold  one, 
they  comnnmioale  to  that  body  a  por- 
tion of  tfieir  own  caloric.  These  changes 
in  the  quantily  ci  its  own  cakuric  are  m- 
dicatea  by  oliaqges  in  the  bulk  of  the 
thermometrio  fluid,  or  pyrometric  piece ; 
and  such  instrumcnis,  therefore,  do 
no  more  than  show  a  certain  excess 
of  heat  given  out  by  the  hottest  to  the 
coldest  bodv.  On  this  ground  the 
names  of  thermoeoope  u£  pffroecope 
are  more  suitable  for  such  instruments 
than  their  nouwe  ooinmoo  designations. 

Thet  different  bodjes,  in  equal  Quan- 
tities, iriiether  measured  by  weignt  or 
volume,  contain  unequal  quantmes  of 
calorie,  has  been  establisned  bv  the 
investigations  of  Boerhaave,  Black, 
Wilcjie,  Irvine,  Crawford,  Lavoisier,  &c. 
It  does  not  belong  to  this  place  to  enter 
into  ^s  subject,  but  it  is  suflicient  to 
mention  the  grounds  for  this  important 
conclusion. 

If  we  mix  one  pound  of  water  at 
1I12^  and  as  much  water  at  32®,  when 
due  precautions  are  employed  to  mix 
than  without  loss  of  heat  or  the  addi- 
tion of  extraneous  temperature,  the  ther- 
mometer plunged  in  the  mixtiure  will 
indicate  very  nearly  122°,  or  the  arith- 
metical mean  between  the  extremes ; 
which  proves  that  equal  quantities  of 
the  eame  bocfy  contain  quantities  of  calo- 
ric proportional  to  their  temperature.  If, 
however,  we  mix  a  pounaof  mercury 
with  a  pound  of  water,  at  different  tem- 
peratures, when  the  mercury  is  the  hot 
test,  the  temperc^ure  of  the  mixture  will 
be  greatly  b^ow  the  mean ;  and  when 
the  water  is  the  hottest  body,  the  mix- 
ture  wiU  be  maUv  above  \ScA  TD»»^N»cai- 
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menta  him  ihotni  tlut  the  mbk  qun-  Wilcke,  of  Ctnienhieen,  fint  oMweiTed 

ti^ -of caloric  whuh  cm  niie  the  tern-  IhekleaofemployuiKUieiiieUiii^oficeac 

pentunof  inter  odIj  4°,  will  nuae  that  ■now.fbrthepuiposeof  ucertuningtha 

of  moicuTT  1 13°.    If  thia  be  the  caae  at  oompustive  quuitit);  of  etiotie  in  dif- 

avoy  temparahue,  which  ia  moat  pn>  ferent  tMdies ;  and  thia  method  wu  im- 

batw,tiie  fakMA'fy  (/oatofte  in  water  is  proved  in  UiebtndaofLavimcr  and  L«- 

to  that  in  an  equal  wo^  of  mereuiy,  at  place,  by  tlia  inrention  of  the  Calori- 

theaametranp(nture,aa  112:4  =98:1.  wuter. 

Beaidet  thu  method  of  finding,  out  It  eonnata  of  two  veaieb  of  tinned 

the  eomparative  quantity  of  calonc  in  iron,  and  a  wire  cage,  which  are  fitted 

bodiea,  there  ia  another  founded  on  the  ao  that  one  nay  be  inserted  within  the 

heA,  that  ice  in  nieltW  abamtM  an  uni-  other,  leaving  a  cavity  between  (be  aidn 

'  cauric.      Proteator  if  each.    (Seeytf.  51.)    The  wire-cage. 


a,  IS  the  mnennost  and  is  desbned  to 
receive  the  heated  tx>dy,  the  aulject  of 
expmroent.  The  space  between  it  and 
the  second  vessel,  A,  is  to  be  filled  with 
pounded  ice,  or  snow,  as  well  as  the 
peiforated  cover,  /,  of  the  cage  a.  It 
IS  the  melting  of  this  snow  which  af- 
fords the  indication  of  the  comparative 
quantity  of  caloric  in  the  bodies  sub- 
mitted to  enieriinent ;  it  rests  on  a  wire 
sieve,  at  the  bottom  of  the  cylinder  b,  and 
is  received  at  the  orifice  of  the  p^  iL 
To  guard  against  the  effects  of  external 
temperature,  the  cavity  between  the 
vessd  b,  and  the  extenor  one,  is  filled 
also  wi^  pounded  ice  or  anow ;  the  ge- 
nerallid  A,  of  the  whole  bong  alao  coveted 
with  mow,  ud  id  edgea  rertiiig  ia  • 


move  e.  lined  with  the  same  matcri.-tl. 
Hie  interior  of  the  instrument  is  defended 
from  all  direct  access  of  external  tem- 
perature. The  two  tubes,  g,  in  the  lid, 
are  for  the 'introduction  of  thermome- 
ters; but  during  experiments  those 
tubes  are  shut  up,  to  prevent  the  ac- 
cess  of  currents  of  air  through  the  ca- 
lorimeter. 1^  water  collect^  between 
the  outer  and  aecond  vessel  may  be 
drawn  offbythe  pipet.  Eiperimenla 
of  this  land  ahoula  be  made  in  a  rocna 
at  a  temperature  of  32°,  Belbre  com« 
mencing  the  eiperiment,  the  snow  is  aa- 
turaled  with  DKUiture  by  its  mdtiiw,  to 
otmate  at  much  aspoannethe  eRttrfioa 
ncA  CQllecting  the  whole  of  the  water. 
-  of  Ui  i 
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from  the  canse  Just  alluded  to,  and  the  This  wiU  show  the  impossibility  of 

impossibility  of  altogether  obviating  the  any  general  correction  bems^  appued ; 

effects  of  currents  of  air  through  it,  and  ttie  adoption  of  any  formulae  for 

during  experiments,  are  not  susceptible  this  purpose  would  be  an  affectation  of 

of  such  acciu-acy  as  the  more  simple  accuracv,  of  which,  unfortunately,  the 

method  of  mixture ;  alUiough  this  also  subject  is  incapable.    If,  however,  such 

is  liable  to  lead  to  erroneous  conclusions,  formula  is  considered  desirable,  it  may 

fromthe  difficulty  ofobtaining  the  true  re-  easily  be  constructed  from  the  expen- 

suit  of  the  effect  of  the  different  mixtures,  ments  of  De  Luc  on  glass  tubes  %  &t 

2.  There  is    an  obvious    source  of  different  temperatures,  which,  reduced 

error  in  the  indications  of  all  instru-  to  the  scale  of  Fahrenheit,  are, 

ments  employed  to  measure  tempera-  ^              ^^          ^              b„,^^ 

ture,  mas  much  as  the  apparent  changes  z^  ^    1 00000         150^=    100044 

in  the  volume  of  the  thermometric  sub-  ^q    ^    100006         167    =:    100056 

stance  TO  not  the  real  aupcntationor  j^    _    ^,^^4         jg^    _.    ^q^q^^ 

of  the  pyrometer,  arc  also  expanded  *20    —    100032 

and  contracted  bjr  changes  of  tempera-  3.  Another  error  of  some  magnitude 

ture ;  so  that  our  instruments  only  show  jg  produced  by  the  inequalities  of  the 

the  excess  ^theexpannans  of  thether-  expansions  of  the  same  substances  by 

mometric  fluid,  or  pyrometric  bar  oyer  equal  increments  of  temperature, 

those  of  the  glass  and  frame ;  by  which  jf  we  could  6onsider  expansion  simply 

the  true  indications  are  diminished.  as  the  effect  of  the  application  of  heat, 

FVom  the  extreme  nicety  of  some  of  equal  increments  of  temperature  should 
the  investigations  in  which  the  mercu-  produce  equal  rates  of  increase  of  vo- 
rial  thermometer  is  employed,  a  compa-  \yxixxe ;  but  the  expansion  is  the  re- 
rative  ratio  of  the  expansions  of  mer-  ndtant,  in  solids  and  in  liquids,  of  two 
cury  and  glass  has  been  most  diligently  opposite  forces— of  the  repulsive  enei^ 
sought  afterbvDeLuc,  Ramsden,  Roy,  of  caloric  opposed  l^  the  cohesion  of 
and  others.  From  their  investigations  the  particles  of  matter ;  and,  accord- 
it  has  been  ascertained  that  all  soUda  wiy,  it  not  only  differs  in  the  different 
and  liauids  vary  in  their  rate  of  expan-  lunds  of  soHd  and  liquid  matter,  but 
sion ;  but  that  the  expansibility  of  glass  jn  the  same  body  at  different  tempera- 
depends  so  much  on  the  manufacture  tures.  As  might  be  expected  from  this 
of  that  article,  and  varies  so  much  in  yie^,  it  must  be  in  an  increasing  ratio 
the  different  kinds,  that  no  general  with  the  temperature :  because  the  force 
equation  as  a  correction  for  this  source  of  cohesion  must  diminish  with  the  dis- 
of  error  can  be  of  practical  utility.  Even  tance  of  the  particles  of  matter, 
the  form  of  the  glass  rod  is  materiaL  Jq  aeriform  bodies,  the  force  of  cohe- 
Roy  gives  the  expansion  of  a  glass  gjon  does  not  exist ;  and  we  might  in- 
tube  =  0.0046569th ;  of  a  solid  glass  fer  that  equal  mcrements  of  heat 
rod  =  0.0096944th,  in  passing  from  the  would  produce  equal  expansions,  in  all 
freezing  to  the  boiling  point  of  water.*  •ases,  at  all  temperatures.    In  gases, 

An  important  series  of  experiments  Qje  ratio  might  even  be  expected  to  de- 

by  Lavoisier  and  Laplace  have  been  crease,  in  a  minute  but  inappreciable 

published  by  Biot,t  from  which  it  9^  degree,  with  the  temperature ;  because 

pears  that  of  twenty-three  solids  tried,  the  increased  distance  of  the  particles 

glass  was  the  least  expansible  of  themall.  ^1  tend   to   diminish   the   repulsive 

The  length  of  different  glass  rods,  energy, 

which  at  32°  Fahrenheit=  1.00000000,  at  Experiment  in  these  particulars  ac- 

212°Fahrenheit  is  augmented  at  follows:  ^ords  with  theory.    The  ratio  of  expan- 

GUis  of  SL  Gobain 1 .00089089=1^^,  sion  in  solids  uid  liquids  is  found  to  be 

Glass  tube,  without  lead  .1. 00087572=:, t^  an  inereoiing  one,  as  the  texnperature 

Ditto l.00089760=Yi>^,  i»  augmented,  and  is  very  different  in 

Ditto 1  0009175l:=:wW^V  ««ch  substance ;  while  in  the  gases,  it  if 

French  glass,  withlead...l.00087199=r,/,T  not  only  eauable  in  the  tame  gas,  but 

Koglish  flint  glass 1.00081166=^-  *^IS*  "*  "*•               , .  ,      ^  ;«,,^^« 

/*^ *"'  The  manner  m  which  an  increaiiQg 

*  PkiLTraaSnToLlzzT.  «    ^     w      »  . 

t  Tnil<dePhjsivM,tii.ll9L  tB^^«*^^>* 
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ratio  of  oqptntion  muit  afflBet  thanio-  column  are  the  indicatumt  of  thv 

meters  and  pyrometen,  graduated  on  curial  thermometer,  aeoording  to  De 

the  principle  of  equal  de^ipes  between  Luc*8  or    Reaumur*B  soile ;    in    the 

two  fixed  points,  is  obvious ;    and  it  second,  the  indications  of  the  alcnholis 

etsdy  became  an  obleot  of  solicitude,  thermometer  at  the  ccHTSsponding  tern- 

Dn.Hallef  and  Brooke  Taylor  devised  peratures;  and  in  the  third,  are,  what 

the  method  of  investigation— namely,  ought  to  be,  the  real  teiiq[ieratiiTOs  ■• 

by  mixing  together  equal  wdghts  of  diMovered  by  experiment* 
water  at  different  ascertained  tempera-  . 

tures,  andfindmg  how  much  the  ther-  MercuriilTher.    Alcohol  Ther.    ^1]^ 

mometer,  plungol  in  that  mixture,  dif-  ^ ®^" "•" 

fered  firom    the    mean    temperature.  f^ 73.8 ,.75^ 

Fromnot  sufficiently  attending  to  the  70 67.8 ^0.56 

various   requisites   to   obviate    error,  6S •••61J) 65Jt 

theydidnot  arrive  at  the  true  condu-  60 66J........00J6 

sion.    We  ewe  to  De  Luc  the  more  55 ,i...;.60.7 Mii 

Bueoessful  investigation  of  thb problem;  ^'[ '[  ^j^ \^^ 51^ 

by  a  train  of  nice  experiments,  m  which  45'*'] 402  *'."  ''46J7 

he  endeavoured  to  guard  against  the  ^ '  ''jwi*  *  "  'aua 

sources  of  error  arising  ftxim  the  cool-  ?; «X*i'*'*""*Ii'^A 

ingeftect  of  thevwS  containing  the         f JJf '"2?'5 

mixture,  and  of  the  escape  of  vapour,  ^ 2*-^ JJ-J 

he  pwovcd  that  the  diflb«nt  thermo-         ^ 210 «« 

metnc  fluids  do  not  expand  in  a  uni-         80 »...16.5 ..SLii 

form  ratio  to  the  quantities  of  coIotIc         15 13.1 Il04 

applied;  but  fellow  an  inereadng  rate         io...« 7.9. •••••. .10J4 

as  their  temperature  ii  taised.    Mer-  5 3.0.«..(Mt  Ml 

cury he fbuna  to  bt  the  most  regular  q Og        ^^      ^^ 

in  its  expansions;  y^  it  also  slwwed  *"* 

very  sensible  deviations.    ttThen  equal      Thoo  is  raaaoa  to  btfterak  hontvcr 

weights  of  water  at  32»  and  212^  wew  that  De  Luc  states  the  irregularity  of 

mixed,  the  mercunal  thermometer  d^  ^^  mercurial  thermometer  too  hish 

not  mdicate  tile  mean  tenipwaturel22«.  d^.  cVawfoni  investigated  this  pSnt 

but  only  119«;   an   oil  tiifermometer,  ^^  great  caz«,  andTcondnded,  that 

in  tiiesMee3n)eriment,rtood  no  higher  when  the  diflference  of  tMnpcratura  of 

than  117^  and  one  of  spirit  of  wine  at  the  two  portions  of  fluid  didloot  exceed 

108^ ;  whUe, jfith  a  tiuainometer  filled  ioo»  P.,  the  average  deviations  of  the 

with  waterjjhe  temperahire  of  themix-  mercurial  thermoni^  weivnot  above 

ture  appeared  onW  to  be  75«.    His  ex-  0.25  of  a  degne.     De  Lue  himself 

penments  showed  the  great  sttpenonty  au^ws,  tiiat  tiie  result  of  the  mixtum 

of  the  mercuri^  over  tiie  alcoholic  tiier-  ^^^  5^  inaccurate,  if  the  capacitv  of 

mometer ;  but  tills  wpcnonty.  it  pro-  the  water  operated  on  is  chai^kduring 

bably  owes,  as  Mr.  John  Dalton  has  ^^  experiment     In  mixing  togetiiw 

remariced.  m  ajpeat  measure  to  tiie  dis-  ^ot  andcold  water,  tiie  probacy  is, 

tance  of  ttie  or^a7  range  of  tempera-  that  the  diminUhed  volume  of  tiie  mir^ 

tuw,fh)mtiiefriNaingan^boihngp^^^  tura causes  a  diminution  of  capacity; 

of  mercury;   for  tiie  expcnmenfs  of  ^  consequentiy,  an  ineretueSf  tei- 

DeLuc  show  tiiat  tiie  faregulMih^of  perature.^yond  what  is  due  to  tiie 

aU  fluids  are  much  augment«i  about  {wit  of  tiie  two  portions  mixed  togetiier. 

ttie  points  of  tiieir  consohdation  and  g    exposing  a  mercurial  tiiermSmeter 

pa^gmto  vapour.  ._,  ^^  in  a  vessel,  in  which  tiie  mduded  m 

FVomtiieusudmetiiod^ffl^^  wasexposSd  to  tiie  frigoriflc  influenoe 

tiie  mercurial  tiwrmometw-  flrom  two  ^f  ^^^  ^^^^  and  tiie  heat  of  wateiy 

fixed oomts  only,  ^^eerrorfrommequa^  vtt)our^212°,  he  found  tiiat  U  indt- 

hty  of  expansion  will  be  ?reat«t  at  the  ^  igp,  or  inly  a  single  degree  less 

^^^}'^^^^^^o^miM'i^h^,^  than  the  arittimetlcal  mean.5^Vom 

cortlnrtopeLuc.ita^^^^^  «>»P«rison  witii  airtiiermometers.S; 

tl^ahreSieit  below  the  real  te»P«ture.  j^^^  ^^^^^  that  tiie  meitmiSir therL 

^^d^fte"L§c-lrS^  momet^WM^bleinittaxpanlldlll. 

two  fluids  chiefly  used  for  thermometen  ---------^-— — — — — — 

—mercury  and  akxiboL    In  the  first  '  iTimi— iti  m.  immI  Bitt 
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behrem  tin  fr«eniiff  And  the  boiHtig  from  their  negkcth^^  the  effbet  of  hy- 
point  of  water.*  Petit  and  Dulong  ^irometric  water  in  the  gases.  €r^eral 
naye  investigated  the  subject,  by  a  com-  Roy*  found  that  their  expansion  fol- 
parison  with  the  air  thermometer,  and  lowed  a  ratio,  decrecutng  with  the  ele- 
with  the  expansions  of  a  pyrometer  of  vation  of  temperature ;  and  the  same 
very  infusible  metals  (platma  and  cop-  result  was  obtained  by  Mr.  Dalton,t  Dr. 
per)  whidi  appear,  by  the  experiments  Murray,  t  Oay  Lussac,  §  and  PetH  and 
of  Lavoisier  and  Laplaoe,  to  be  very  Dulong  ;Tl  but  there  is  reason  to  con- 
equable  in  their  expansions,  below  the  elude  that  this  apparently  decreasing 
boiling  point  of  water.  They  found  ratio  in  the  expansion  of  gases  is  owing 
that  the  irregularity  in  mercury  in-  to  the  error  caused  by  the  unequable 
creases  with  the  temperature ;  and  expansions  of  the  mercury  in  the  ther- 
would  even  appear  to  be  greater  than  mometer,  and  the  dilatation  ofthe  bulb  of 
the  rise  of  the  mercurial  uiermometer  that  instrument ;  and  philosophers  now 
indicates,  were  not  the  increasing  ex-  agree  to  consider  the  expansions  of 
pansion  of  the  mercury  diminished  by  gases  equable  and  equal,  as  before 
the  increasing  ratio  of  the  dilatation  of  stated;  especially  as  the  decreasing 
the  glass  itsdf.f  Hence  the  source  of  ratio  disappears,  if  we  apply  De  Luc*8 
error  in  thermometers  arising  from  the  correction  of  the  real  mean  between 
expansion  of  the  ^lass,  is  rather  advan-  32°  and  21 2^ 

tageous  than  detrunental  to  their  accu-  From  the  foregoing  observations,  we 

racv.  may  conclude,  that  the  air  thermometer 

The  difference  between  the  indica-  requires  no  correction  of  its  indications: 

tions  of  the  alcoholic  and  mercurial  that  the   accuracy    of  the   mercurial 

thermometers,  as  lately  ascertained  by  thermometer  is  not  materially  affected 

Dr.  De  Wildt,  do  not  materially  differ  by  the  inequalities  of  the  expansions 

from  the  determinations  of  De  Luc ;  of  the  mercury,  in  ordinary  ranges  gf 

and  having  been  obtained  for  every  r  temperature;  that  the  expansion  of  al- 

of   Reaumur's  scale,  apparently  with  cohol  is  pretty  uniform,  until  about  30^ 

much  care,  we  give  the  result  as  a  table  R.  or  100°  F. :  above  that  point  its  ex- 

of  correction  for  Rutherford's  thermome-  pansions  become  more  irregular ;  but  it 

ters ;  for  which  purpose  they  were  in-  nastheadvanta^  over  every  other  liquid, 

tended  by  the  author.  of  maricing  the  lowest  degrees  of  natiural 

Mercnrr.        Spirit  Or  artificial  cold  hitherto  observed. 

-|-20**...+16*\48  The  irregularities  affecting  pyrome- 

25  20  .97  ters,  except  from  alteration  in  the  size  of 

30  26  J60  the  substances  supporting  the  bars,  are 

35  30  .38  extremely  minute.    The  experiments  of 

^0  35  j^i  De  Luc  and  Roy  would  lead  to  the  con- 

.- .Q  og  dusion,  that  the  expansibiliW  of  solids 

Ti  ^    ^  is  not  <iuite  equable.     Roy  thinks  that 

°"  ^  '^  this  slight  irr^ularitymay  be  apparent 

^  ^  -^^  rather  than  real;  but  Lavoisier  and 

60  56  .48  Li^laoe  state,  that  the  expansions  of 

65  62  .14  sohds  keep  pace  with  those  of  the  mer- 

70  67  .95  curial  thermometer,  from  the  freezing 

75  73  .90  to  the  boiling  point  of  water ;  and  Petit 

go  80{.0O  and  Dulong  assert,  that  the  expansion 

^    .   ,.     .          -    .    ^,              X  of  metals  is  progressive  above  212°  F. 

The  indications  of  air  thermometers  xhese  iir^ularities,  if  they  exist,  are 

ere  at  one  hme  supposed  liable  to  un-  g^  minute,  as  not,  in  any  ordiinary  prao- 

certainty,  from  the  inequalities  of  their  tical  purpose,  to  affect  the  indications 

expansion.     Guyton  and  Pneur  una-  of  pyrometers ;  and  at  high  tempera- 

^ed  that  they  progressively  expanded  tures  extreme  accuracy  is  seldom  of 

m  a  sreater  ratio  than  the  temperature,}  much  consequence, 

but  this  has  been  proved  to  be  errone-  xhe  differences  arising  from  two  py- 

ous ;  and  the  nustake  probably  arose  rometers  of  different  materials  may  be 

•  AnM^A.chimieT^u  coiiected  by  Table  IV.  in  the  appendix 

t  Aaaa]«td«ChiiBiefltPhjnuiiie,tu.  p.t40.  =====                      ' 

I  Jbibmob's  Edin.  Pbtl.  Jooriikl,  Oct,  1896,  And  ,  •  Phil.  Tnat.  toL  Ixrik 

JSjuHatn  Arehiv  fur  dlt  OeMmiBte  Natoral,  Daetm.  f  Maadieiter  Mtmoin,  ▼*!.  t.  p.  599. 
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oftherefolts  obtained  in  1788, by  La-  49110% dlmidM^ the intofonngipaiee; 

▼oisier  and  Laplace,  lately  reeovered  but  to  obtain  mtennediate  poinia  by 

by  Biot    Each  substance  at  3i^  F.s  means  of  mixtures,  or  by  oomparison 

1.00000000.  widi  a  standard  instrument  so  formed ; 

There  is  one  preeantion  in  graduating  and  by  the  shortness  of  the  intervali 

thermometers,  which  will  render  any  adapting  the  scale  to  inequalities  in  the 

irregularities  of  little  consequence ;  that  binre  ofthe  tube,  or  to  the  less  impor- 

is,  m  forming  the  scale,  not  to  rest  satis-  timtirr^gularfties  just  now  considored. 
fted  with  omy  two  fixed  points,  and 


ft/ 
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THBHM OWRBB  AND  VYSOlfRnL 


iT.xaujEor  THs  wntiM  9iL4T4Tipv9r  QiirrKMiiT  fiwTiiH^iiii  mmjm  rm 

PKRATUEB  1^  nUMtmiO  TO  THAT  OW  BOIUNO  WATKR,  ACCORDniG  TO  TRt 

ixpcRiMXim  or  l^voisikr  and  laplacb. 


SOatTAIiCM. 

DILATATION    FOB  ▲   LaHOTB          i 
BQUAL  TO  UMITT.                     | 

ladaeheal 
firaotioB^ 

IninB^ar  ' 

OlassofStGohaia           ,              • 
Glass  taba  without  lead            • 
Ditto.               •              •              ^              • 
Ditto           •              •              •              • 
English  FlintGlasa           ,              » 
French  glass  with  laa(               ■               • 
Copper               •           •              •              . 
Ditto           •           ^.               t 
Brass                •               •               •               • 
Ditto         .               •               II               • 
Hammaredlron                 «              »               • 
Iron  Wira        •               •                «           • 
HardStad        ^               t               •               • 
SoftStad.               t               «              • 
Tempaied  Steal  •             |              •               • 
Lead          .               ,               •               • 
MalaccaTin      .               «               •               • 
Oornish  Tin              •               •               » 
Cupelled  SllTer                «               •               i 
Parisian  Standaid  Silvar            •               • 
Pure  Gold             •            • 
Parisian  Standard  Ditto  not  softened 
Ditto,  softened  .... 

AtSlfo 
0.00069080 

0>MMMi7578 

0.00060760 

0iN|09l75l 

0.00061166 

0XK)067199 

0XK)172844 

0UW1718i8 

0.00180671 

0.00188971 

0.00188046 

0.00l8|ftM 
04)pi07875 

0.00183956 
0.00884836 
0XK)l9t765 
MOSlXigg 
0.00198974 

Q.00199868 
0.00140606 

U.0016»166 
0.00151361 

•3; 

t 

t 

til 

.1. 

▼•  TABLI  gr  THE  JBZPANSIONS  OF  LIQUIDf* 

The  expansions  in  this  table  were  detennined  by  Mr.  DaKoiL  Tbejr  oro  e^ipl 
to  what  would  be  produced  by  an  elevation  of  temperature  from  Um  framinn  to 
the  boiling  point  of  water ;  tbe  volume  at  the  former  oeing  1. 

Mercury  i)800  ==  ^ 

Water 4M66  =s  A-i 

Water  satunUad  with mlt , ..  .0500  t^  ^ 

Sulphuric  acid .0600  =s  ^ 

Muriatic  acid .0600  =  iV 

Oil  of  turpentina    .0700  =  ^ 

iEther 0700  =  ^ 

Fixed  oils.   «  .0800  =  i^.| 

Alcohol .0110=   ) 

Nitricacid 0110=   ) 
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No.  III. 

E  OF  REMARKABLE  TEMPERATURES  ACCORDING  TO  FAHRENHEIT'S 

SCALE. 

i  hot  in  the  twilight        .... 
'a  common  fire  (Inrine)  ,  •  • 

ight  red  in  the  dark  \  •  • 

eitt  •  .  .  •  , 

ilTer  boils  (Irvine)  •  •  •  • 

(Dalton)  •  •  • 

(Crichton)  •  • 

I  oil  boils  •  »  •  • 

ells  (Goytoa,  Irrine)        .  .  •  • 

ric  Acid  boils  (Dalton)  .  .  • 

Ihce  of  poKahed  itael  aequiree  a  deep  blue  colour        i 
!H]rpentine  boils  .  .  ,'  • 

Drus  boils         •  •  .  .  , 

I  melts  (Irrine)       .  .  .  • 

^ace  of  polished  steel  acqaivet  %  pale  stimv  colour        % 
Its  (Crichton>  Inrine) 

x)und  of  equal  parts  of  Tin  and  Bismuth  awlts  • 

cid  boils  .... 

'  melis  •  •  .  .  • 

ited  Solution  ol  Sak  boils 

toils,  (the  barometer  being  at  80  inches) ;  %ho  ^  Compound 
Pin,  and  8  of  Lead,  melts  • 

jound  of  8  of  Tin,  5  of  Lead,  and  8  of  Bismatb.  mails 
1  boils  •  .  .  .  • 

^ax  melts  .  .  •  . 

ceti  melts        «  t  •  • 

orus  melts  •  •  •  • 

K>ils  ..... 

iTampeiatnnoftheGlQbo    . 

IS  •  •  .  •  t 

eses  .... 

'  freezes  at  about  .... 

SITine  freeses  at  about 

ire  of  1  part  of  Alcohol,  and  8  parts  of  Wa^r,  freef^ 

are  of  Alcohol  and  Water  in  equal  parts,  fnseses 

ure  of  9  parts  of  Alcohol  and  1  of  Water,  freezes 

point  of  Quicksilver  (Cavendish) 
Ammonia  crystallizes  (Vauquelin)  • 

kcid,  spec.  gr.  about  1 .49,  freezes  (Cavendish) 
ric  i^ther  congeals  (Vauquelin) 

Temperature  observed  at  Hudson's  Bay 
liacal  Gas  condenses  into  a  liquid  (Guyton^ 

Acid  freezes  (Vauquelin) 

oduced  from  diluted  Sulphuric  Acid  and  Snow,  the  materiab  being  at  the 

srature  of  5*7  •  •  •  . 

i  Artificial  Cold  yet  meMUod  (Walker) 


. 

o 
884 

790 

• 

.     759 

700 

• 

679 

660 

• 

655 

.    600 

• 

594 

590 

• 

580 

560 

« 

554 

476 

• 

460 

.    449 

• 

888 

949 

• 

996 

918 

of  8  of  Bismuth] 

> 

• 

919 

•        • 

910 

• 

,     174 

•        « 

149 

• 

188 

100 

• 

98 

50 

• 

89 
80 

• 

98 

90 

• 

7 

7 

• 

11 

39 

• 

49 

45 

• 

47 

50 

• 

/Jl 

•        t 

56 

iab  being  at  the 

• 

• 

1 
• 
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ADDENDA  ET  CORRIGENDA. 

Page  6.    The  description  of  the>^.  of  units :  but  it  is  most  convenient  to 

7,  in  the  text,  is  taken  from  the  Memoirs  reckon  all  the  figures  after  the  index 

of  the  Atademy  of  Sciences.    It  is  pro-  as  decimals,  and  the  formule  will  be 

bable  that  in  the  construction  of  the    99x100.  __,«.      j 

instrument,  Amontons  employed  a  tube  2      ^^'  y— o- 1 ;  w  99x60        * 

of  narrow  calibre,  to  enable  the  included  •/  -  a = T 

air  to  support  the  mercurial  column.  ^  p^  u"  j^  the  second  column  of  the 

The  proportion  between  the  tube  and  table.  29.  should  be  opposite  to  .95. 

ball  may  be  mferred  from  what  is  stated  instead  o/^9 

of  the  expansion  of  the  whole,  by  the  xhe  terms  'lower  and  At^Aer,  in  the 

he^  of  boihng  water.  thini  column  of  the  same  table,  are  se 

P.  1 0.  In  the  begmmng  of  the  pal*-  jq  the  original  paper ;  but  the  diredioiii 
graph,  just  after  the  first  set  of  fbrmul«,  ^ju  ^^  more  pliiin,  if  the  reader  wiU  re- 
there  IS  an  error  which  requires  correc-  ^Ue^t,  that  where  lower  is  indicated, 
tion.  Instead  of /^»tf/ofWtt/«c9^yiiV  f^^  correction  is  "to  be  subtracted  r 

^^^^'^^fr^^yi^^^'  and  when  AtfAiT  is  used,  the  cometion 

read,  "  these  formulae  apply  to  all  de-  ^  ..  to  be  added." 

grees  abovethe  zero  of  each  scalej"  p  23,  Col.  I .    The  action  of  the  pi- 

P.  14.    The  notation  employed  by  ^^g  j^  Fereuson's  FVrometeris  iH  ex-  . 

De   Luc    requu^s  some   explanation,  pressed  in  toe  text ;   and  the  reader  is 

K  denotes  the  heigjht  of  the  barometer  ^quested  to  substitute  for  the  memlw 

in  sixteenths  of  a  Parvnan  line ;  T  the  ^f  the  sentence  commencing  with  «  ourf 

heia:ht  of  a  thermometer,  plunged  m  ^^  ^^  j^  the  Utiilne.  the  fol- 

boiling  water,  above  the  melting  point  lowing-"  and  as  the  bar  Jk  has  fifteen 

of  ice,  in  hundredths  of  a  degree  of  teeth  to  one  inch,  it  is  obvious  that 

R^Vioor^?^l"'l?*^f''''?u-''?^^l!*""  w»^en  k  moves  one  inch,  the  pinion/ 

tity  10387.  which  Horsley  thinks,  from  .^ill  have  made  one  revolution  and  a 

someofDe  Lues  experiments,  should  ^ter.  and  tiie  pinion  p  wiU  have 

have  been  10369 ;  but  m  his  investiga-  ^loved  100  x  IJ.  or  125  timVs  round." 

tions  he  retains  the  first  number,  as  p,  29.    In  Wedgwood's  table.  Col,  I. 

probably  adopted  on  good  grounds.  ^^^  27.  for  deductireBd,  "  did  not. - 

The  oganthms  used  by  De  Luc  are  i„  ^^e  same  page.  CoL  2,  the  radius 

the  tables  of  Bnggs,  in  which  he  seven  ^^  Regnier's  insl^ment  should  have 

figures  of  the    ables    as  well  as  the  been  649  miUimdtres,  its  diameter  1.298 

indices,  are  reckoned  integers ;   or  he  ^^^res.  and   its   ciroumference  4.079 

considers  the  eighth  figure  in  the  place  metres. 


ELECTRICITY. 


Chapter  I.  name  of  science.    The  real  science  of 

General  Fact*  and  Principle:  ^^^t%  **'J'  J^^?^  "peaking,  be 

^  considered  as  taking  its  nse  only  m  a 

(1.)  The  science  of  Electricity,  which  later  age  ;  and  it  was  the  first  fruit  €i 
now  ranks  as  one  of  the  most  important  that  active  spirit  of  investigation,  which 
branches  of  Natural  Philosophy,  and  at  the  commencement  of  the  eighteenth 
v^hich  embraces  so  many  subjects  of  century  was  rapidly  difPiising  itself  over 
inquiry/  exceedingly  curious  in  th(  m-  Europe.  The  establishment  of  the  Royal 
selves,  and  highly  interesting  from  their  Society  of  London  appears  to  have  had 
ivlations  with  every  department  of  na-  consiclerable  influence  in  promoting  the 
ture,  is  wholly  of  modem  creation.  The  cultivation  of  electricity:  for  we  find 
ancients  were,  indeed,  acquainted  with  that  almost  eveiy  discovery  of  import- 
a  Dew  detached  facts,  depending  on  the  ance  in  this  science  was  made  by  the 
agency  of  electricity ;  such  as  the  at-  members,  and  is  recorded  in  the  Trans- 
tractive  power  which  amber  acquires  by  actions  of  that  Society.  But  it  was  not 
bcinc:  rubbed,  the  benumbing  shocks  until  the  present  century  that  the  ex- 
which  are  experienced  on  touching  the  tensive  relations  which  connect  electri- 
torpedo  (or  electrical  eel),  and  the  ap-  city  with  so  many  other  branches  of 
pearanoe  of  those  sparks  or  streams  of  ph^^sical  science,  were  discovered,  and 
lisfht  which,  on  some  occasions,  are  seen  their  importance  appreciated.  Already 
to  issue  from  the  human  body.  But  no  have  we  seen,  in  this  short  era,  the  rise 
suspicion  was  entertained  that  these  of  a  new  science,  founded  on  that  pe- 
plienomena  had  any  connexion  with  one  culiar  modification  of  Electricity,  which 
another ;  and  far  less  was  it  imagined  is  known  by  the  name  of  Galvanism. 
that  they  were  the  eficcts  of  a  power  Hence,  have  w^c  derived  new  instru- 
pervading  all  material  bodies,  and  ex«  ments  of  analysis,  new  paths  of  research, 
tensively  concerned  in  all  the  operations  and  new  powers  of  extending  the  do- 
of  nature.  minions  of  science ;  hence,  have  we 
(2.)  It  was  only  by  slow  degrees  that  been  able  to  trace  alliances  between 
this  knowledge  was  acquired.  The  first  several  of  the  great  agents  concerned 
step  towards  a  generalization  of  the  in  the  phenomena  of  the  material  uni- 
phenomena  was  made  by  Dr.  Gilbert,  verse.  Elbctro-Chbmistry  has  thus 
an  English  physician,  who,  in  the  year  arisen  as  one  of  the  connecting  branches 
1600,  pubUsned  a  very  original  and  va-  between  remote  divisions  of  the  Philo- 
luable treatise  on  the  magnet.  Here-  sophy  of  Nature.  Still  more  recently 
marked  that  several  other  bodies  besides  there  has  been  opened  to  us,  in  the  sub« 
aml)er  can,  by  fiiction,  be  made  to  at-  ject  of  Elbctro-Maonbtism,  another 
tract  light  bouies;  and  he  was  thus  led  new  province  of  science,  which  esta« 
to  the  discovery  of  a  property  common  blishes  a  natural  connexion  between 
to  dl  of  them.  The  Greek  name  for  two  power?  hitherto  regarded  as  dis- 
amber    being    nxtnr^n  {Electron),  the  tinct. 

bodies  possessed  of  this  property  were        So  rapid  has  been  the  march  of  scien- 

denominated  Electrics ;  and  the  power  tific  improvement,  that  it  is  difficult  for 

they  manifested  was  termed  Elbctri-  those   whose  attention  has   not  been 

city.    The  observations  of  Boyle,  Otto  steadily  and  exclusively  devoted  to  these 

Guericke,  Newton,  and  a  few  other  phi-  particular  objects,  to  keep  pace  with 

losophersofthe  same  period,  contributed  the  progress  of  discovery.    The  mate- 

somew  hat  to  the  extension  of  our  know-  rials  coUected  by  the  numerous  labourers 

ledge  on  this  curious  subject ;  but  even  in  these  wide  fields  of  inquiry  have 

the  information  collected    during  the  poured  in  upon  us  so  fast,  that  there 

whole  of   that    century  amounted  to  has  scarcely  yet  been  time  for  iSkAxt^Vvi^- 

nothiiig  that  could  be  entitled  to  the  UngthemmuieiT'^io^^^^AKK&^^a^Va 
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disposing  them  in  the  order  best  fitted    and  which  are,  tlierefore,  termed  noii- 
for  instruction.     It  is  to  be  lamented    electrics, 

that  there  exists  as  yet  no  general  and  (6.)  The  principal  electric  substances 

comprehensive  treatise  embracing  tlie  in  nature  are  the  following :  viz.  amber, 

whole  of  these  extensive  and  compli-  gum-lac,  resin,  sulphur,  glass,  talc,  the 

cated  subjects  of  modem  research ;  and  precious  stones,  suk,  the  fur  of  most 

that  the  student  has  still  to  gather  the  quadrupeds,  and  ahuost  all  vegetable 

information  he  seeks  from  a  multitude  substances  (excepting  charcoal),  which 

of  journals  and    other    miscellaneous  have  been  thoroughly  deprived  of  mois- 

sources,  where  they  he  irregularly  scat-  ture,  as,  for  example,  baked  wood,  and 

tered,  and  are  not  to  be  arranged,  or  very  dry  paper. 

even  found,  without  a  great  expenditure  (7.)  After  the  bodies  which  had  been 
of  time  and  laboiur.  It  is  the  aim  of  attracted  by  the  excited  electric  have  re- 
these  treatises  to  supply, in  some  degree,  mained  in  contact  with  it  a  certain  time, 
this  deficiency,  in  as  far,  at  least,  as  the  force  wliich  held  them  together 
rfelates  to  the  instruction  of  those  who  ceases  to  operate :  the  bodies  then  re- 
have  no  previous  acquaintance  with  the  cede  from  the  electric,  and  if  the  latter 
subject,  and  are  desirous  of  being  initi-  be  again  presented  to  them,  they  will, 
ated  in  the  principles  of  the  science.  provided  they  have  touched  no  other 
(3.)  In  order  to  convey  the  clearest  body,  be  repelled,  or  driven  off,  instead 
and  most  philosophical  views  of  the  sub-  of  attracted.     This  change  from  attrac- 

i'ect  we  are  about  to  treat,  we  shall  begin  tion  to    repulsion  takes    place    more 

jy  stating,  independently  of  all  theory,  slowly  with  some  substances  than  with 

the  most  general  facts  relating  to  Elec-  others  :  some  bodies  will  adhere  to  tbe 

tricity ;  presenting  them  at  first  in  their  electric  a  considerable  time  before  they 

simplest  form.     We  shall,  in  the  se-  recede ;  while  others,  and  especially  me- 

cond  place,  review  the  theories  which  tallic  bodies,  are  repelled  the  instant 

have  been  framed  for  the  purpose  of  after  contact :— the  reason  of  this  will 

connecting  these  facts  in  tlie  mind.    We  afterwards  be  seen, 

shall  thus  be  enabled,  lastly,  to  study  (8.)  It  is  also  to  be  noticed  thdt  two 

their  combinations,  to  unravel  their  com-  bodies  which  have  both  of  them  been 

plicated  results,  and  to  follow  them  in  in  contact  with  the  same  electric,  mutu- 

their  practical  applications.  ally  repel  each  other. 

(4.)    The  general   facts  relating    to  (9.)  The  phenomena  of  electrical  at- 

Electricity  may  be  reduced  to  the  six  traction  and  repulsion  are  l)est  observed 

following  heads : —  when  electrics  of  considerable  size  are 

1.  ExciTATiox.  employed.    For  the  experiments  we  are 

2.  Attraction.  about  to  describe,  it  is  convenient  to 

3.  Kepulsiox.  have  them  of  a  cylindrical  shape,  which 

4.  Distribution.  admits  of  their  being  more  easily  carried 

5.  Induction.  in  the  hand,  and  more  readily  trans- 

6.  Transfbrknck.  ferred  to  wherever  we  may  wish  to  place 

them.     AVe  may  employ  as  our  electric 

j  1.    Of  Excitation,   Attraction,  and  a  thick  cylinder  of  sealing  wax,  or  one 

Rqmlnon.  of  sulphur.  If  glass  be  chosen,  it  should 

(5.)  If  a  piece  of  amber,  or  sealing-  be  in  the  form  of  a  tube  of  considerable 

wax,  or  a  smooth  surface  of  glass,  per-  diameter,  and  should,  previously  to  the 

ffectly  clean  and  dry,  be  briskly  rubbed  experiment,   be  gently  warmed  before 

with  a  dry  woollen  cloth,  and  imme-  the  fire,  in  order  to  expel  all  moisture 

diately  afterwards  held  over  small  and  from  its  surface.     As  a  rubber  we  may 

light  bodies,  such  as   pieces  of  paper,  use  a  silk  handkerchief,  a  piece  of  clean 

thread,  cork,   straw,  feathers,  or  frag-  flannel,  or  the  fur  of  a  quadruped  ;  but 

ments  of  gold  leaf,  strewed  upon  a  table,  the  material  which  produces  the  greatest 

these  bodies  will  be  seen  to  fly  towards  effect  when  rubbed  with  glass    is  an 

the  surface  that  has  been  rubbed,  and  amalgam  (or  mixture)  of  mercury  with 

adhere  to    it  for  a  certain  time.    The  tin  or  zinc.    Whateverbe  the  substance 

surfaces  which  have  acquired  by  fric-  employed,  it  should  be  perfectly  dry ; 

tion  this  attractive  power  are  said  to  be  to  ensure  which  condition  it  should,  pre- 

exctird' ;  and  the  substances  thus  sus-  viously  to  being  used,  be  held  for  some 

ceptible  of  excitation  are  termed  elec*  time  before  the  fire. 

/nr*,,  in  contradistinction  to  such  as  (10.)  When,  by  attending  to  these  pre- 

arc  not  excitable  by  a  similar  process^  cautions,  a  sufficiently  powerful  excite* 
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ment  of  the  cylinder  has  been  obtained, 
we  may  observe  several  other  remark- 
able phenomena,  l)esidc8  those  of  attrac- 
tion. If  the  experiment  be  perforriied 
In  a  dark  room,  flashes  of  light,  of  a 
bluish  colour,  will  be  perceived  during 
the  fnction,  extending  over  every  part  of 
the  surface  rubbed ;  and  sparks,  attended 
with  a  shari)  snappin^^  sound,  will  be 
seen  to  dart  around  it  m  various  direc- 
tions. If  a  round  body,  as  a  metallic 
ball,  be  presented  to  it,  and  moved  from 
one  end  to  the  other,  a  succession  of 
sparks  will  l)e  obtained  as  the  ball  passes 
along  the  surface ;  and  if  the  knuckle 
l)e  presented  instead  of  the  metallic 
ball,  each  spark  will  be  accompanied  by 
R  pricking  sensation.  When  the  ex- 
cited cylinder  is  brought  near  to  the 
face,  an  unpleasant  sensation  of  tickling 
is  ft.>lt  in  Ihe  skin,  as  if  it  had  been  co- 
vered with  a  cobweb. 

(II.)  If  a  {2:lobe  of  metal  be  sus- 
pende<l  in  the  air  by  silk  threads,  and  if, 
while  in  this  situation,  it  be  rubbed  by 
an  electric,  such  as  silk,  fur,  or  the 
oulside  of  the  skin  of  a  cat,  it  will  also 
become  electrical,  arin  exhibit  the  same 
properties  ot  attraction  and  of  repulsion 
as  if  it  had  been  itself  an  electric.  The 
circumstance  of  its  being;  thus  insulated 
or  cut  off  from  the  contact  of  any  sub- 
stance, except  the  uir  and  the  electric 
which  sustains  it,  is  essential  to  the  suc- 
cess of  this  experiment. 

(12.)  Various  modes  have  been  de- 
vised for  exhibiting  distinctly  the  attrac- 
tive and  repulsive  at^encies  ot  electricity ; 
ancl  for  obtaining  indications  of  its  pre- 
sence, when  it  exists  only  in  a  feeble 
degree.  Instniments  for  this  purpose 
are  termed  Elect roscfmes.  One  of  the 
simplest  of  these  is  the  Electroscope  of 
Haiiy,  wliich  is  very  similar  to  that 
funnerly  proposed  by  Dr.  Gilbert.  It 
consists  of  a  li^ht  metallic  needle,  ter- 
minated at  each  end  by  a  light  pith 
ball,  which  is  covered  with  gold  leaf. 

Fig.  1. 


(13.)  In  some  caset  it  id  niore  coil- 
venient  to  employ  a  pair  of  yimOar 
balls;  suspended  from  a  In-ass  ball  fixed 
to  the  encl  of  a  glass  handle,  by  very  fine 
silver  wires,  or  by  hempen  threads,  pre- 
viously steepeci  in  a  solution  of  salt,  and 
afterwards  dried    Seey^.  2. 


( 14 .)  Cavallo  has  contrived  an  elec- 
troscope of  the  same  kind,  which  huri 
the  advantage  of  beihg  more  portable 
than  that  of  Haiiy,  while  it  is,  perhajis; 
equally  sensible.  It  is  formea  by  two 
fine  silver  wires,  each  carrying  at  ohe 
of  their  ends  a  Utile  ball  made  of  corl^ 
or  of  the  pith  of  the  elder  tree;  the 
other  ends  of  the  wires  l)eing  suspended 
from  a  cork,  which  is  rather  long,  and 
tapering  at  both  ends,  so  as  to  fit  either 
way  into  the  mouth  of  a  varnished  glasg 
tube,  serving  both  as  a  handle  to  the 
instrument  when  in  use,  and  as  a  case 
for  it  when  carried  in  the  pocket.  When 
it  is  to  be  employed  as  an  electrbscope^ 
the  wires  with  pith  balls  are  placed  so 
as  to  hdng  out  from  the  end  of  the 
tube,  and  will  indicate  by  their  diver- 
gence any  electricity  which  mav  be 
communicated  to  them.  (Ftg,  4.)  When 


i^;?.3. 


JF>;?.4. 
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and  supported  horizontally  by  (i  cap  at 

its  centre,  on  a  fine  point  The  attractive  the  instrument  is  not  in  use,  the  ynnB 

or  repulsive  power  of  any  electrified  are  put  into  the  tulw,  by  inverting  i^ 

body  presented  to  one  of  the  balls,  will  and  closing  it  with  the  other  end  of  the 

be  indicated  by  the  movements  of  the  cork.  (Hr.3.) 

iMedlc.  (15.)  For  studying  the  circiimstanoai 


^a 


ELECTRICITY. 


attendinff  eleeirical  attraction,  we  should 
be  jHreviaed  with  stands,  firom  the  ends 
of  which  are  suspoided  by  their  respeo- 

Fig5. 


live  threads  one  or  two  pith  balls,  about 
the  size  of  a  small  pea,  as  shown  in 

$  2.  Distribution  and  Transference, 

(16.)  If  an  excited  elecbic  be  brought 
near  a  pith  ball  suspended  by  silk,  the 
ball  win,  in  the  first  place,  approach  the 
dectric  ifig.  6.)>  indicating  an  attrac- 
tion towards  it,  and  if  the  position  of 
the  electric  will  allow,  the  ball  will  come 
into  contact  with  it  and  adhere  to  it  for 
a  short  time ;  but  it  will  presently  after- 
wards recede  from  the  electric,  snowing 
that  it  is  now  repelled,  (flg.  7.)    If  we 


Fig'S. 
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now  remove  the  electric,  and  present  to 
the  ball  which  has  thus  touched  it,  a 
second  ball  which  has  had  no  previous 
communication  with  any  electric,  we 
find  that  these  two  balls  attract  one 
another,  and  come  into  contact.  The 
same  actions  are  repeated  between  this 
second  ball  and  a  third,  which  ma}^  be 
presented  to  it ;  and  so  on  in  succession, 
but  with  a  continued  diminution  of  in- 
tensity. This  diminution  plainly  indi- 
cates a  diminished  power,  in  conse- 
auence,  as  it  would  seem,  of  its  being 
oistributed  among  a  number  of  bodies. 
(17.)  In  the  prosecution  of  these 
exj>eriments,  therefore,  the  effects  will 
be  more  distinct,  if,  instead  of  small 
pith  balls,  we  employ  a  globe  of  metal 
of  larger  size,  which  will  allow  of  the 
reception  of  a  considerable  quantity  of 


this  electric  influence  by  contact  with 
the  excited  electric.  A  globe,  suspended 
by  silk  threads,  as  the  pith  balls  are, 
and  which  has  extensivdy  touched  the 
electric,  will  act  upon  these  balls  pre- 
cisely in  the  same  way  as  the  ori^al 
electric  would  have  acted  upon  them, 
and  may  accordingly  be  substituted  for 
it  in  all  these  experiments.  It  is,  indeed, 
exactly  in  the  same  condition  as  the 
globe  rubbed  by  an  electric,  already 
mentioned.  ($  11.) 

(18.)  From  the  whole  of  these  facta 
we  necessarily  infer  that  the  electric  has 
imparted  to  the  ball  or  globe  which 
came  in  contact  with  it,  propertiea  ex- 
actly similar  to  those  which  had  been 
excited  in  itself  by  friction.  By  repeated 
contact  with  a  number  of  bodies,  an 
excited  electric  is  found  to  lose  its  dec- 
trical  powers  in  the  same  decree  as 
these  powers  have  been  acquired  by  the 
bodies  themselves ;  and  fresh  excitation 
alone  can  renew  them.  It  is  evident, 
then,  .that  the  unknown  agent,  which 
we  have  termed  Electricity,  is  capable 
of  transference,  in  the  same  sense  in 
which  we  speak  of  heat  being  communi- 
cated or  transferred  from  one  body  to 
another,  and  that,  like  heat,  it  is  weak* 
ened  by  diffusion  among  a  number  of 
bodies. 

( 1 9.)  If  the  electrified  ball  be  touched 
with  the  finger,  it  will  he  deprived  of 
the  whole  or  its  electricity,  wliich  will 
pass  into  the  body  of  the  person  who 
touches  it.  It  is  now  reduced  to  its 
original  or  natural  state,  and  is  again 
susceptible  of  being  attracted,  either  by 
an  excited  electric,  or  by  another  body 
to  which  electricity  has  previously  been 
communicated. 

If  the  electrified  body,  instead  of 
being  touched  with  the  finger,  had  been 
touched  by  a  rod  of  metai  held  in  the 
hand,  the  effect  would  have  been  the 
same  in  both  cases :  hence  we  may 
infer  that  the  metallic  rod  is  capable 
of  conveying  away  from  the  body  the 
whole  of  its  electricity.  But  if  a  glass 
rod  be  substituted,  the  result  is  very 
different ;  the  body  touched  is  found  to 
retain  the  whole  of  its  electricity,  not- 
withstanding the  contact  of  the  glass 
rod.  We  arc  thus  led  to  the  conclusion 
that  some  substances,  such  as  ^lass, 
are  incapable  of  conducting  electricity ; 
while  others,  such  as  the  metals  and 
the  human  body,  readily  convey  that 
mfluence. 

(20.)  It  is  invariably  found  that  all 
electrics  are,  at  the  same  time,  non-ctm" 
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dnctwrs.  Conductors,  on  the  other  cellian  vacuum,  as  it  is  called,  there  i« 
hnnd,  are  non-electrics.  The  two  qua-  m  general  present  a  minute  portion  of 
lities  of  a  capability  of  excitation,  and  a  air,  as  well  as  of  mercurial  vapour, 
power  of  conducting  electricity,  appear  which  are  sufficient  to  conduct  electri- 
to  be  incompatible  with  each  other—  eitv.  Small  globulus  of  air  usually 
for  the  one  is  always  found  to  diminish  adhere  to  the  mercury,  and  to  the  sides 
in  proportion  as  the  other  increases,  of  the  tube ;  and  these,  upon  the  re- 
The  permanence  of  electricity  in  metallic  moval  of  pressure,  expand  into  an 
bodies,  which  are  suspended  in  the  atmosphere.  It  has  been  asserted  by 
air  by  silk  threads,  shows  that  the  air  Mr.  Morgan  that  if  great  care  be  taken 
as  well  as  the  silk  is  a  non-conductor,  to  remove  every  soim^e  of  error,  by  the 
Bodies  which  are  in  this  way  surrounded  employment  of  very  pure  mercury,  and 
on  all  sides  by  non-conductors  are  said  by  boiling  it  for  a  long  time  in  the  tube, 
to  be  insulated.  When  this  condition  a"^  perfect  vacuum  may  be  obtained, 
is  not  observed,  that  is,  when  the  body  which  does  not  conduct  electricity.  His 
is  in  contact  with  conducting  bodies  experiment,  however,  was  made  long 
which  communicate  with  the  earth,  its  ago,  and  requires  careful  repetition, 
electricity  will  escape  by  the  channel  before  the  rcsiQt  can  be  confided  in. 
which  is  thus  opened  for  it,  and  will  be  (22.)  The  circumstance  which  chiefly 
lost  by  diffusion  in  the  mass  of  the  determines  the  conducting  power  of 
earth,  which  is  formed  of  conducting  common  air  is  that  of  its  containing  a 
materials,  and  which  may  be  regarded  as  greater  or  less  quantity  of  moisture, 
the  great  reservoir  both  for  the  absorp-  Water  is  a  very  good  conductor  of  elec- 
tion and  supply  of  electricity.  Hence  tricity ;  and  that  portion  which  is  sus- 
we  see  why  it  is  not  possible  to  accu*  pended  in  the  air  tends  powerfully  to 
mulate  electricitj^  in  a  conducting  body  carry  off  clectricitv  froni  the  homes 
while  it  is  held  in  the  hand,  and  why  which  are  charged  with  it,  and  which 
electrics  alone  are  capable  of  permanent  are  surrounded  oy  air.  Moisture  also 
excitation.  easily  attaches  itself  to  glass  and  other 
(21.)  ^The  insulating  power  of  atmos-  electrics,  and  deprives  them  of  the 
pheric  air  depends  principally  upon  power  of  insulation.  Hence,  the  same 
two  circumstances,  its  density  and  its  experiments  which  succeed  in  a  clear 
dryness.  Air  with  the  density  which  it  dry  day,  will  often  fail  when  tried  in 
has  under  the  ordinary  pressure  of  the  damp  weather :  and  hence  we  see  the 
atmosphere,  if  perfectly  dry,  is  a  remark-  utility  of  previously  drying  every  part 
ably  good  insulator,  even  although  it  of  the  apparatus,  in  order  to  exclude  as 
be  rapidly  renewed  on  the  surface  of  much  as  possible  the  interference  of 
the  electrified  body.    This  is  shown  by  moisture. 

an  experiment  of  FrankUn*s,  in  whicn  (23.)  The  conducting  powers  of  most 
he  whirled  an  electrified  ball  round  his  bodies  are  influenced  by  changes  of  tern- 
head,  by  means  of  a  silk  line,  with  great  perature,  and  also  of  form:  Thus,  al- 
rapidity,  so  as  to  make  it  perform  many  though  water  in  its  liquid  state  is  a  good 
hundred  revolutions,  without  being  conductor,  yet,  when  congealed,  in  the 
able  to  perceive  that  it  had  thereby  lost  form  of  ice,  its  conducting  powers  are 
any  sensible  portion  of  its  electricity,  much  impaired ;  and  at  a  very  low  tem- 
Neither  an  increase,  nor  a  diminution  perature, namely, at— 1 3°ofFahrenheit*s 
of  temperature,  appears  to  lessen  its  in-  scale,  ceases  altogether.  Mr.  Achard, 
sulating  power.  But  in  proportion  as  who  observed  this  foct,  formed  ioe  of 
the  air  is  rarefied  by  the  removal  of  the  this  temperature  into  a  spheroid,  and 
superincumbent  pressure,  its  power  of  mounting  it  upon  an  axis,  was  able  to 
confining  electricity  diminishes,  till,  at  excite  it  by  friction  as  any  other  electric 
last,  when  the  rarefaction  is  very  great.  On  the  other  hand,  by  raisii^  the  tem- 
it  opposes  scarcely  any  resistance  to  the  perature  of  water,  its  conducting  powers 
passage  even  of  very  feeble  electricity ;  are  increased.  (Jharcoal  is  also  found 
and  it  may  l)e  then  classed  among  con-  to  transmit  dectricity  with  more  facility 
ductors.  This  is  the  case  with  the  im-  when  hot,  than  when  cold.  Glass,  which 
perfect  vacuum  produced  by  the  air-  is  a  non-conductor  when  cold,  becomes 
pump,  from  which  it  is  almost  impos-  a  tolerably  good  conductor  when  heated 
sible  to  exclude  minute  q[uantities  of  to  redness ;  and  a  similar  change  takes 
air.  Even  in  the  space  left  in  the  upper  place  in  sulphur  and  in  resinous  bodies 
part  of  the  tube  of  a  barometer  by  the  when  melted ;  and  also  in  baked  wood 
descent  of  the  mercuiy,  or  the  Torn-  when  heated.    Reducing  substances  to 
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powte  Imw  •ftoB  an  tfpnAjfpaa  fbmr 
powm  of  ooi4q(Btiiu[  doBtxieify.  Snow 
oondiioli  ton  reamhr  than*  ice  of  tbe 
nmB  tempentiire.  ^Ilie  pame  i^  the 
pm  vitb  powdered  charpq^  when 
mmpVF^  v^tih  the  wne  substfuooe  in 
iti  enlire  state.  !Biit  glass,  on  the  con- 
tnrft  acquires  some  conducting  power 
%  b^ng  pulverised,  as  ^yas  ascertaiped 
m  Van  Bwioden,  who  extended  the  same 
(mervation  to  sulphur. 

Manjr  bodies,  which,  in  their  usual 
state,  'are  good  conductors  of  electricity, 
loee  tfab  power  when  they  are  made 
my  dry.  Vm  is  the  case  with  recent 
yi^getame  and  animal  substances,  their 
oSduct^ng  power  appearing  to  be  de- 
rived  solw  from  the  fluids  they  con- 
,taiD. 

(94.)  Strictly  speaking,  there  is  no 
tntiitaxioe  hitmrto  known  that  is  per- 
leefiy  impervious  to  electricity ;  for  the 
intimsity-of  that  a^t  may  be  so  in- 
eeeased  as  to  force  it,  for  aoertain  small 
distjtnee,  thoou^h  all  bodies :  neither  is 
there  any  bodj  in  which  the  conducting 
power  is  infinite^  great;  that  is,  which 
opposes  no  resistance  to  the  transmission 
of  electricity.  If  the  degree  of  conduct- 
ing power  which  bodies  possess  could 
be  ascerf  ained  with  sufficient  precision, 
they  might  be  arranged  in  progressive 
order;  but  the  present  state  of  our 
knowledge  affords  only  an  approxima- 
tion to  such  a  series.  As  a  table  of 
this  kind,  however,  with  all  its  imper- 
fections, may  be  of  great  use,  we  sub- 
loin  the  following,  in  which  the  different 
Dodies  are  arrap^ed  in  one  series,  begin- 
ning with  those  which  have  the  greatest 
conductihg  power,  and  terminating  with 
those  that  nave  the  least.  The  oSer  in 
which  they  possess  the  power  of  insu- 
lating is,  of  course^  the  reverse  of  ^s. 

■ 

ihtakjgue  qf  Bodies  in  the  Order  of  their 
amdi/fting  Power. 

Th)»  perfect,  or  least  gxidable  metals. 
The  more  Qxidable  petals. 
Charcoal  prepared  from  the  harder 

woods,  and  Y^fSX  burned. 
Plumbago* 

The  concentrated  mineral  acids. 
Powdered  charcoal. 
Dilute  aculs. 

6olttti9ns  of  metallic  and  neutral  salts. 

Metalhe  ores. 

Animal  fluids. 

Pure  water. 

8now. 

XMiv  nifetaUaa, 


Living  ■nimaLi. 

Flame. 

Smoke 

Steam. 

MetaDie  salts 

Salts  with  alkaliqe  or  earthy  bases. 

Rarefied  air. 

Vapour  qf  alcohol. 

y  apQur  pf  ether. 

Earths  and  stpnes  in  their  flrdipaiy 

state. 
Pulverised  glass. 
Flowers  of  sulphur. 

Dnr  metallic  oxides. 

Oib. 

V^taUe  ashes. 

Animal  ashes. 

Dry  transparent  czystols. 

Ice  below  — 13^  Fahrenh^. 

Phpsphoru9. 

lime. 

Dry  chalk. 

Native  caxbonaie  of  barytes. 

Lycopodium. 

Caoutdiouc,  or  Indian  rubber. 

Camphor. 

Siliceous  and  argillaceous  ston^  in 
proportion  to' their  hardness. 

Diy  marble. 

Porcelain. 

Baked  wood. 

Dry  atmospheric  air»  and  oth^  ^es. 

White  sugar,  and  sugar  ciystalhied. 

Leather. 

D^  parchment. 

Dry  paper. 

Cotton. 

Feathers. 

Hair,  especially  that  of  a  living  oaf. 

Wool 

Dvedsilk. 

Bleached  silk. 

Raw  silk. 

Transparent  gems. 

Diamond. 

Talc. 

Metallic  vitrifications. 

Glass,  and  other  vitrifications. 

Fat 

Wax. 

Sulphur. 

Resins,  and  bituminous  substances. 

Amber. 

Gum-lac. 

Although  the  precise  point  in  the 
scale  which  forms  the  separation  be- 
tween conducting  and  insulating  bodies 
must,  of  course,  be  somewhat  indefinite^ 
we  have  endeavoured  to  mark  it  by  the 
division  in  the  above  table. 
(25.)  It  ajqpears,  from  the  experimenia 
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of  Mr.  Coulomb,  that  a  thread  of  giim-  the  imperfection  of  the  insulatinp;  pro- 
lac  is  the  most  perfect  of  all  insulators,  perty  in  the  solids  by  which  it  is  sup- 
and  is  ten  times  more  effectual  than  a  ported.     Secondly,  the  contact  of  suc- 
8ilk  thread  as  dry  as  it  can  be  made  ;  cessive  portions  of  air,  every  particle  of 
for  the  former,  when  only  one  inch  and  which  carries  off  a  certain  quantity  of 
a  half  in  length,  insulated  as  well  as  electricity.    Thirdly,  the  deposition   of 
a    fine   silk  thread  of  fifteen  inches,  moisture  upon  the  surface  of  the  insu- 
"VVhen  the  tlu-ead  of  silk  was   dipped  lating  body,  which  establishes  commu- 
in  fine   sealin«^-wax,   it  was  equal  in  nications  with  its  remote  ends,  and  may 
power    to  a   thread    of  pure   lac    of  be  considered  as  virtually  increasing  its 
four  times  its  length.     Professor  Ro-  conductinc:  power, 
bison  found  that  the  conducting  power        (27.)  With  regard  to  the  first  cause, 
of  silk  thread  depends  greatly  on  its  Mr. Coulomb  has  completely  ascertained 
colour ;  or,  in  other  words,  on  the  nature  that  for  all  fine  cylinarical  fibres,  such 
of  the  drug  with  which  it  is  dyed.  When  as  hair,  silk,  filaments  of  gum-lac,  &c. 
of  a  brilliant  white,  or  a  black,  its  con-  if  the  nature  of  the  substance,  the  dia- 
dncting  power  is  tlie  greatest;  and  a  high  meter  of  the  fibre,  and  the  dispersive 
golden  yellow,  or  a  nut  brown,  renders  state  of  the  air  are  supposed  constant, 
it  the  best  insulator.    Glass,  even  in  its  the  length  of  the  fibre  requisite  for  the 
drycst  state,  and  in  situations  where  it  complete  insulation  of  a  given  intensity 
was  impossible  that  moisture  could  have  of  electricity,  varies  as  the  square  of 
access  to  it,  is  stated  by  the  same  author  that  intensity.    Theory,  therefore,  leads 
to  insulate  considerably  better  than  silk ;  to  the  conclusion  that,  however  great 
and  when  drawn  into  a  slender  thread,  may  be  the  intensity,  there  is  always  a 
and  coated  with  gum-lac,  it  acted  as  certain  length  beyond  which  a  filament 
well  as  a  thread  of  lac  of  one-third  of  of  any  of  tliese  bodies  becomes  a  perfect 
the  length.     It  was  found,  however,  at  insulator ;  and  we  find,  in  practice,  that 
tlie  same  time,  that  extreme  fineness  by  diminishing  the  intensity  of  the  elec- 
was  requisite  ;  for  it  dissipated  in  pro-  tncity,  or  increasing  the  length  of  the 
portion  to  the  square  of  its  diameter,  substance  it  has  to  traverse,  a  sufficiently 
The  insulating  power  of  glass  is  remark-  accurate  degree  of  insulation  may  be 
ably  injured  by  having  a  bore,  however  obtained.    With  respect  to  the  second 
fine,  unless  that  bore  admits  of  being  source  of  dissipation,  it  was  found  that 
also  coated  with  lac.      Human   hair,  in  a  given  state  of  the  atmosphere,  as 
w  hen  completely  freed  firom  every  thing  far  as  it  could  be  determined  by  the 
that  water  could  wash  out  of  it,  and  indications  of  the  barometer,  therrao- 
then  dried  by  lime,  and  coated  with  lac,  meter,  and  hygrometer,  tlie  clissipation 
was  equal  to  silk.    Fir,  cedar,  larch,  at  each  instant  of  time,  varied  directly 
and  the  rose-tree,  when  split  into  fUa-  as  the  intensity  of  the  electricity, 
nients,  and  first  dried  by  lime,  and  after-        (28.)  There  is  one  very  material  cir- 
wards  baked  in  an  oven,  which  just  cumstance  relating  to  the  dissipation  of 
made    paper    become    faintly    brown,  electricity  that  should  here  be  men- 
seemed  scarcely  inferior   to  gum-lac.  tioned,  although  its  explanation  must 
The  white  woods,  as  they  are  called,  and  be  deferred  till  the  principles  on  which 
mahogany,  were  much   inferior.    Fir,  it  depends  have  been  developed;  and 
bilked  and  coated  with  melted  lac,  seems,  it  is,  that  the  power  of  retaining  elec- 
thcrefore,  the  l>cst  support  when  strength  tricity  in  any  body  is  much  influenced 
is  required.    The  lac  may  be  rendered  by  its  shape.  The  form  most  favourable 
less  brittle  by  a  minute  portion  of  pure  to  its  retention  is  that  of  a  sphere;  next 
turpentine,  which  has  been  cleared  of  to  which  is  a  spheroid,  and  a  cylinder 
water  by  a  little  boiling,  without  sensi-  terminated  at  both  ends  by  a  hemi- 
bly  uicreasing   its   conducting  power,  sphere.    On  the  other  hand,  electricity 
Lac,  or  sealing-wax,  dissolved  in  spirits,  escapes  most  readily  fi*om  bodies  of  a 
is   far  inferior,  for  these  purposes,  to  pointed  figure,  especially  if  the  point 
what  it  is  when  melted  by  heat.  projects  to  a  distance  firom  the  surface. 
(2G.)  The  laws  which    reg[ulate   the  In  such  bodies  it  is  scarcely  possible, 
^adual  dissipation  of  electScity  firom  indeed,  to  accumulate  any  sensible  de- 
bodies  in  a  state  of  imperfect  insulation  gree  of  electricity,  on  account  of  its 
have  been  in ve^tigatecf  with  great  ability  rapid  dissipation  from  the  point    In 
by    Coulomb.     Three    causes   chiefly  like  manner  pointed  bodies  receive  elcc« 
operate  in  depriving  a  body  under  these  tricity  more  xea/l\V)  VJoaxv  ^Q^fc  ^1  ^m| 
circumstances  of  its  electricity  .'—first,  other  form* 
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f  8.  (ytheiwoipeeien^Shoirimi^.  they  nevertheless  exhibit  in  all  their  i^b- 

tions  to  each  other  a  maiked  contrarietf 

(89.)  We  have  hitherto  viewed  dec-  of  nature.  Hence  they  are  natorallf 
trieal  phenomena  as  arising  from  the  viewed  as  agents  having  opposite  quah* 
operation  of  a  single  agent,  which  could  ties,  which  completely  neutraliie  one 
be  called  into  action,  and  transferred  another  by  combmation. 
from  one  body  to  another.  We  have  (32.)  Another  remarkable  cireum- 
■een  that  bodies,  which  have  recdved  stance  which  characterizes  these  a^nts, 
Ifarir  electridty  from  exdted  glass,  repd  is,  that  the  excitation  of  one  speaes  of 
one  another,  and  are  likewise  repelled  dectricity  is  always  accompanied  by  the 
by  the  exdted  glass.  The  same  thing  exdtation  of  the  other ;  and  botn  are 
happens  with  respect  to  those  bodies  produced  in  eaual  degrees.  Thus,  when 
whieh  have  received  their  dectridty  glass  is  rubbed  by  silk,  or  flannd,  just 
from  exdt«l  sealing-wax.  But  upon  as  much  resinous  electricity  is  produced 
examining  the  action  of  any  of  the  bo-  in  the  silk,  or  flannd,  as  there  is  vitreous 
dies  bdonging  to  the  one  set,  upon  any  dectridty  produced  in  the  glass ;  and 
of  those  bdonging  to  the  other,  we  fino,  whatever  electrified  bodies  are  repelled 
^at  instead  of  rq^dling,  they  attract  by  the  one  are  attracted  in  the  same 
each  other.  Thus,  the  ball  which  has  degree  by  the  other.  If  one  of  the  sub- 
nodved  its  electridty  from  the  glass,  stances  happen  to  be  a  conductor,  and 
attracts  that  which  has  been  dectrified  be  hdd  in  the  hand,  the  whole  of  the 
by  the  tealing-wax,  and  is  attracted  by  dectridty  which  the  friction  exdtes  in 
it;  but,  whal  is  still  more  remarkable,  it  vrill  disappear  as  soon  as  it  is  pro- 
toe  moment  these  balls  have  come  into  duoed,  from  its  escaping  throngh  the 
oontact,  provided  they  have  both  been  bod)r  of  the  person  holdine  it,  and  bdng 
clectriftea  in  the  same  degree,  they  lost  in  the  earth.  But  if  uie  precautioa 
eease  at  oiwe  to  exhibit  any  signs  of  be  taken  of  insulating  the  rubber,  its 
electridty,  as  if  the  dectricities  of  boUi  dectridty  will  become  manifest,  and  is 
irere  suddenly  annihilated  by  their  alvrays  found  to  be  of  the  opposite  spe- 
nmtuil  communication.  Thus  there  des  to  that  which  is  exdted  in  the  bod|y 
^ipears  to  be  two  different,  and,  in  which  is  rubbed, 
some  respects,  opposite  kinds  of  dec-  (33.)  Since  the  two  surfaces  rubbed 
tridties ;  the  one  obtained  fi*om  glass,  acquire  opposite  electricities,  it  follows 
the  other  from  sealing-wax.  Du  Fay,  as  a  consequence  of  the  law  above 
by  whom  this  distinction  was  first  no-  stated,  that  they  must  attract  one  ano- 
tieed,  denominated  the  former  the  t7t-  ther ;  and  this  is  found  invariably  to  be 
ireoui,  and  the  latter  the  resinous  dec-  the  case.  If  a  white  and  a  black  ribbon 
tridty.  of  two  or  three  feet  long,  and  perfectly 

(30.)  The  mode  of  action  which  these  dry,  be  applied  to  each  other  by  their 
two  dectridties  exert  on  matter,  may  flat  surfaces,  and  are  then  drawn  re- 
be  expressed  by  the  following  law :  peatedly  between  the  finger  and  thumb, 
namdy,  that  bo(&es  charged  untn  either  so  as  to  rub  against  each  other,  they 
9peciesqfelectricityt  repel  bodies  charged  will  be  found  to  adhere  together,  and  if 
with  the  same  necies,  but  attract  bodies  pulled  asunder  at  one  end,  will  rush 
charged  with  tM  other  species;  and  that,  together  with  ^reat  quickness.  While 
at  eawd  distances,  the  attractive  power  united  they  exhibit  no  sign  of  electricity, 
in  the  one  case  is  exactly  equal  to  the  because  the  operation  of  the  one  is  just 
rqndsine  power  in  the  other,  the  reverse  of  that  of  the  other,  and 

Accordingly,  if  we  wish  to  ascer-  their  power  is  neutralized  and  inopera- 

tain  what  is  the  species  of  electricity  tive.     If  completdy  separated,  how- 

with  which  a  given   body  is  charged,  ever,  each  wUl  manifest  a  strong  dec- 

we  have  only  to  approach   it   to  a  tricaJ  power,  the  one  attracting  those 

small  insulated  pith  ball,  which  has  bodies  which  the  other  repds. 

previously  been  touched   either    with  (34.)  The  very  act  of  separation  is 

excited  slass  or  vnth  excited  sealing-  accompanied  by  appearances  which  in- 

wax.    If  the  body  in  question  repel  it  dicate  that  considerable  portions  of  tiie 

in  the  former  case,  or  attract  it  m  the  dectricities  excited  on  each  of  the  sur- 

latter,  its  dectrid^  is  vitreous ;  if  the  faces  fly  back  to  the  opposite  surface, 

eonbraiy  happens,  it  is  resinous.  and  by  their  union  become  as  it  were 

(31.)  Although  eaeh  of  these  two  dec-  extinguished  or  inoperative;  and  it  is 

tridties,  when  taken  separately,  acts  in  only  the  remaining  quantities  whidi 

•  manner  preeiBdy  similar  to  tbe  other,  Vukt^  adhered  more  tenadoualy  to  Urn 
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mirfaees.thatretiunthdr  activity.  When  other,  the  one  which  has  suffered  irio- 
the  experiment  is  made  in  the  dark,  tion  in  its  ^vhole  length  acquires  vitreous, 
flaslies  of  light  attend  these  sudden  ex-  and  the  other  resinous  electricity.  In 
changes  of  electricity,  passing  between  like  manner,  when  tlie  whole  lengtli  of 
the  two  surfaces,  and  accompanied  with  the  bow  of  a  violin  is  drawn  over  a 
a  rusthn^  noise.  limited  part  of  tlie  string,  the  hairs  of 
(35.)  Numberless  experiments  have  the  bow  exhibit  a  vitreous,  and  the 
l)een  made  with  a  view  of  ascertaining  string  a  resinous  electricity,  the  body 
the  conditions  that  determine  the  species  whose  excited  portion  is  of  the  least 
of  electricity  excited  in  the  respective  extent  being  generally  found  to  be  re- 
bodies  of  \\hich  the  surfaces  are  made  sinously  electrified.  But  in  truth,  the 
to  rub  against  ejich  other,  but  they  have  slightest  difference  in  the  conditions  of 
led  to  no  satisfactory  conclusion.  The  these  and  similar  experiments  on  the 
meclianical  configuration  of  the  surface  species  of  electricity  arising  from  fric- 
appears  to  have  a  greater  influence  in  tion,  will  be  often  su£Bcient  to  produce 
the  result  than  the  i)eculiar  nature  of  opposite  results. 

the  substance  itself.    If  a  plate  of  glass        (36.)  Electrical  excitation  may  also 
with    a   polished    surface    be   rubbed  be  produced  by  the  friction  of  houids 
against   one  wiiich  is  roughened,  the  or  of  gases  against  solid  bodies.    This 
former  always  acquires  the  vitreous,  is  the  case  when  mercury  is  made  to 
and  the  latter  the  resinous  electricity,  fall,  in  a  fine  shower,  under  the  ex- 
No  approach  to  an  explanation  of  this  hausted  receiver  of  an  air-pump,  against 
pt*ciiliarity  has  ever  been  made.  Smooth  the  glass.     If  a  current  of  atmospheric 
glass   act^uires  vitreous    electricity  by  air  be  directed  a^inst  a  pane  of  glass, 
fiiction  with   almost  every  substance,  by  means  of  a  pair  of  l)ellows,  the  glass 
except  the  Ijack  of  a  cat,  which  gives  it  becomes  vitreously  electrified, 
the  resinous  electricity ;  but  roughened  .        -   .      . 
glass,   if  rubbed  with  the  same  sub-                        v  "*•  ^nauctton. 
stances,  becomes  charged  with  resinous        (37.)  Another  class  of  electrical  phe- 
electricity,  while  the  rubbing  bodies  ac-  nomena  must  here  be  noticed.    Wnen- 
qiiire  the  vitreous.  Sealing-wax,  nibbed  ever  a  body  is  chained  with  electricity, 
with  an  iron  chain,  acquires,  if  polished,  although  it  be  perfectly  insulated,  and 
the  resinous  electricity ;  but  if  its  sur-  of  course  all  escape  of"^  that  electricity 
face  is  previously  rough  with  scratches,  prevented,  it  tends  to  produce  an  elec- 
the  vitreous.     Silk,  nibl)ed  by  resin,  trical  state  of  the  opposite  kind  in  all  the 
takes  the  vitreous,  but  with  polished  bodies  in  its  vicinity.  Thus  the  vitreous 
glass,  the  resinous  electricity.     The  fol-  electricity  tends  to  induce  the  resinous 
lowing  is  a  list  of  several  substances  electricity  in  a  body  that  is  situated 
which  accjuire  vitreous  electricity  when  near  it;  and  this  with  greater  energy, 
rubbed  with  any  of  those  which  follow  as  the  distance  is  smaller.    Tliis  efivct 
it  in  the  order  in  which  they  are  set  is  termed  the  induction  of  electricity, 
down ;  and  resinous  electricity  if  rubbed  and  may  be  ranked  among  the  general 
with  any  of  those  which  precede : —  facts,  or  laws  of  the  science.    Tne  fur- 
ther development  of  the  consequences 
The  back  of  a  cat  it  leads  to,  must,  for  the  present,  be  post- 
Polished  glass.  poned,  as  we  shall  hereafter  be  better 
Woollen  cloth.  prepared  to  understand  them.  But  there 
Feathers.  is  one  of  its  results  which  we  shall  now 
Wood.  point  out,  as  it  refers  immediately  to 
Paper.  the  phenomena  that  have  already  occu- 
SilK.  pied  our  attention. 
Gum-lac.                                           (38.)  If  an  electrified  body,  charged 
Roughened  glass.  with  either  species  of  electricity,  be  pre- 
sented to  an  unelectrified  or  neutral 
In  the  experiment  just  mentioned,  in  body,  its  tendency,  in  consccjuencc  of 
which  a  black  and  a  white  ribbon  are  the  law  of  induction,  is  to  distiu-b  the 
rubbed  together,  the  former  is  found  to  dectrical  condition  of  the  diflTerent  narls 
be  resinoualy  and  the  latter  vitreously  of  the  neutral  body.  The  electrified  l>ody 
electrified.     But  if  two  pieces  of  the  induces  a  state  of  electricity  contrary 
same  ribbon  of  the   same  length  be  to  its  own  in  that  part  of  the  neutral 
rubbed,  the  one  being  drawn  lengthwise  body  which  is  tveaareaX  \.o  VV.  \  wAii«w». 
and  at  right  angles  orer  apart  of  Um  qocntly  a«Weo(^\««^3nfi^^l  v3Bi^^\s^^&» 
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own  in  tha  remote  part  Hence  the  neu-  CuAfnu,  IT. 
tnlityof  tiie  second  body  is  destroyed  by               Ttt^w—  /»^  vj^mtmm'^fmM 
the  aition  of  the  firrt ;  and  the  4'aceirt               ^^^'^^  ofEketnMy. 
parts  of  the  two  bodies,  having  now       (40.)  It  is  impossible  to  arrire  atQn 
imposite  electricities,  will  attract  each  fuU  comprehension  of  the  muttifiunplli. 
<&6r.    It  thus  appears,  that  the  attrac-  facts  relating  to  any  of  the  pbjmM): 
tkm  which  is  observed  to  take  place  sciences  without  the  aid  of  aopo  l^if- 
between  dectrifted  bodies   and  those  ing  principles,   or  modea  of  vising- 
fhat  are  unelectrified,  is  merely  a  con-  them,  by  which  their  conniTyHW  ^W 
seouence  of  the  altered  state  of  those  be  represented  to  the  mind,  ao  as  tf| 
bodies,  resulting  directly  from  the  law  combme  them  into  an  inteltigiblemlefiai. 
of  induction;   and  that  it  is  by  no  We  be^    by  classing   the   ^xElqpM- 
means  itself  an  original  law,  or  primary  agents  in  nature,  designating  ueqi  bf 
&ot  in  ^  science.  specific  names ;  we  next  enSeiTmir  ta  ' 
(39.)   The  effects  of  induction  will  conceive  these  agents  as  poflaem4  rf 
be  in  proportion  to  the  facility  with  certain  powers  or  qualities  ajaptnl  tb 
which  changes  in  the  distribution  of  the  production  of  the  observed  oAipta, 
ejieetridty  among  the  difierent  parts  of  In  the  case  of  light,  for  examplat  W« 
a  body  can  be  effected,  a  facility  which  may  conceive  the  phenomena  to  rpaidt 
corresponds  with  the  conducting  power  from  the  action  of  material  partidaab 
of  the  body.    Hence  the  attraction  ex-  epianating  in  all  directions  from  the  Al- 
erted by  an  electrified  body  upon  ano-  minous  body,  and  obeying  certain  lanpi 
tber  body  previously  neutral,  will  be  in  their  course ;  or  we  may  adopt  aao* 
much  more  enei^tic  if  the  latter  be  a  ther  Iwpothesis,  namely,  that  they  pra- 
conductor,  than  if  it  be  an  electric,  in  ceed  vtom  the  undulations  of  an  dartiv 
which  these  changes  can  take  place  medium  pervading  space.    By  eomto » 
only  to  a  very  small  extent.    This  is  ing  either  the  one  or  the  other  of  ttjea^ 
confirmed    by  the    following    experi-  hypotheses,  we  acquire  great  fiuility  jp , 
ment :   suspend  by  fine  silk  threads  of  tracing  the  connexions  of  the  phamH  ' 
e^ual  length,  two  small  balls  of  equal  mena  of  optics,  and  retainiiij|^&eaii||. 
dimensions,  both  made   of  gum-lac,  our  minds.    This  advantage  is  not  iitt- 
but   one  having  its    siu-face    covered  mediately  dependent  on  the  truth  of  tha 
with  gold  leaf.    Place  these  two  pen-  particular  hypothesis  we   employ  fiar 
dulums,  as  they  may  l)e  called,  at  a  that  purpose :  for,  in  the  example  befora 
little  distance  from  one  another,  so  as  us,  it  is  evident  they  cannot  both  be 
to  admit  of  a  comparison  of  their  mo-  true,  and  yet  they  ooth  answer  thia 
tions ;    and  then  present  to  them  an  end.    But,  of  course,  the  utility  of  an 
excited  electric,  which  may  be  either  a  hypothesis  will  be  proportionate  to  the 
tube  of  glass,  or  a  cylinder  of  sealing,  degree  of  exactness  with  wl^h  it  ao- 
wax.    It  will  at  once  be  seen  that  the  cords  with  the  phenomena.     No  incon- 
ball,  with  a  metallic  covering,  which  venicnce  can  arise  from  its  adoption,  as 
readily  admits  of  the  transfer  of  elec-  lon^  as  we  bear  in  mind  that  our  rea- 
tricity  from  one  side  to  the  other,  will  sonings  are  founded  on  a  mere  faypo- 
be  much  more  readily  and  powerfully  thesis,  and  as  long  as  we  hold  our- 
attracted,   than  the  other  ball  which  selves  in  readiness  to  abandon  it,  the 
allows  of  no  motion  in  its  electricity,  moment  we  meet  with  facts  wjth  whidi 
The  latter  ball  will,  hy  slow  degrees,  it  is  decidedly  inconsistent 
however,  assume  electhcal  states  of  the        (4 1 .)  The  hypothesis  which  naturallf 
same  kind  as  the  gilt  ball,  and  will  be  suggests  itself  for  the  explanation  of 
feeblv  attracted.    As  this  change  is  very  electrical  phenomena  is  that  of  a  veij   j" 
slowly  effected,  so  it  is  more  permanent  subtile  and  highly  elastic  fluid,  pama-  *J 
when  once  produced;   and  the  plain  ing  the  earth  and  all  other  material 
ball  adheres  for  a  considerable  time  to  bc^es,  but  itself  devoid  of  any  aensibla 
the  electric  which  has  attracted  it.  The  gravity.    We  must  suppose  tins  fldd 
gilt  ball,  on  the  contrary,  is  sooner  re-  to  be  capable  of  moving,  with  Tarioai 
polled,    by    its    readily   receiving  the  degrees  of  facility,  through  the  pona  r~ 
charge  of  electricity  imparted  to  it  by  actual  substance  of  di&rent  kinda 
tlie  electric.     A  de^e  of  permanent  matter.    In  some,  as  in  thoae  wa  e 
electricity,  however,  is  also  induced  on  conductors,  or  non-etof^,  such  i 
this  ball,  in  conseauence  of  its  gradual  the  metals,  it  moves  without  any  p« 
penetration  into  tne  substance  ol\]ha  ofevt^bl^  obatruetion:  but,   in   gfi 
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ectrics,  or  non-eonductors,  it 
ith  great  difficulty.  Moreover, 
enomena  appear  to  point  out 
cnce  of  two  distinct  kinds  of 
we  may  further  assume  that 
two  distinct  species  of  electric 
ich  we  shaU,  for  the  present, 
e  vitreous  and  the  re$inou9 
»>«.  Tliey  must  each  have, 
[^arate,  the  same  general  pro- 
ui  have  already  been  enume- 
ut,  in  relation  to  each  other, 
ist  be  a  complete  contrariety  in 
ures,  so  that  when  combmed 

their  actions  on  tlie  bodies  in 
inity,  or  on  the  particles  of 
luid  contained  in  those  bodies, 
:tly  balanced;  and  all  visible 
eases.  It  is  in  this  state  of 
n  wliich  they  perfectly  neu- 
ae  another,  that  they  exist  in 
hich  may  be  said  to  be  in  their 
'taie  with  regard  to  electricity, 
rhus,  tlien,  may  the  problem 
•d,  in  which  it  is  required 
ive  an  agent,  analogous,  in 
ipects,  to  other  known  accents, 
ssign  to  it  such  properties  as 
lieir  results,  correspond  to  all 
•ved  phenomena.     In  order  to 

it  this  latter  test,  we  must 
the  consequences  which  flov; 
f  suppositions  we  have  made, 
Jy  compare  them  with  the  facts 
)resented  to  us  by  nature,  and 
jnc:  from  experiment.  These 
will  be  recollected,  are  redu- 
hose  of  excitation,  attraction, 
ilsjon,  distribution,  induction, 
isference. 

Excitation,  From  various 
jf  which   the  friction  of  sur- 

one,  the  state  of  union  in 
le   two   electricities    naturally 

bodies,  is  disturbed;  thuir 
)wers  are  called  forth  by  their 
•n;  the  vitreous  electricity  is 
in  one  direction, while  the  resin- 
ansferred  to  the  opposite  side; 
1  can  now  manifest  its  pecu- 
pes.  When  accumulated  in  any 
part  of  a  body,  each  ihiid  acts 
)rtion  to  its  relative  (piantity, 
\  the  quantity  which  is  in  excess 
at  which  is  still  retained  in  a 

inactivity  by  its  union  with 
y  of  the  opjwsite  kind.  Thus 
L8S  is  rubbed  with  a  metallic 
I,  a  portion  only  of  the  clec- 
at  the  two  surfaces  is  decom- 
Ihe  >itrcou8  electricity  residtin^^ 
I  didcowpoutioa  attaches  iisd£ 


to  the  glass ;  the  resinous,  to  the  amal- 
gam. What  remains  in  each  surface 
undecomposed  continues  to  be  quite 
inert,  and  has  no  other  influence  on  the 
phenomena,  than  being  ready,  on  the 
continuance  of  the  decomposing  action, 
to  furnish  a  fresh  sup])ly  of  both  fluids 
to  the  bodies  in  the  vicinity. 

(44.)  Distribution,  Each  of  these 
fluids,  being  highly  elastic,  their  par- 
ticles repel  one  another  with  a  force 
which  increases  in  proportion  as  their 
distance  is  less :  and  this  force  acts  at 
all  distances,  and  is  not  impeded  by  the 
interposition  of  bodies  of  any  kind,  pro- 
vided they  are  not  themselves  in  an 
active  electrical  state.  From  the  most 
careful  analysis  of  the  phenomena,  it 
has  been  deduced  that  the  exact  law  of 
this  force  is  the  same  as  that  of  gravi- 
tation, namely,  that  its  intensity  is  in- 
versely as  the  square  of  the  distance. 

The  mode  in  which  the  electricity 
imparted  to  a  conducting  body,  or  to  a 
system  of  conductors,  is  distributed 
among  its  diiierent  ])arts,  is  in  exact 
conformity  to  the  results  of  this  law,  as 
deduced  by  mathematical  investigation. 
Hut  we  resene  the  examination  of  this 
subject  for  a  future  chapter. 

While  the  particles  of  each  fluid  repel 
those  of  the  same  kind,  they  exert  an 
equally  strong  attraction  for  the  pailicles 
of  the  other  species  of  electric  fluid.  This 
attraction,  in  like  manner,  increases  with 
a  diminution  uf  distance,  and  follows 
the  same  law  as  to  its  intensity,  namely, 
that  of  the  inverse  ratio  of  the  square 
of  tlie  distance.  This  force,  also,  is  not 
ali'ected  by  the  presence  of  any  intenen- 
ing  body. 

(45.)  Transference,  Since  the  two 
electricities  have  this  powerful  attrac- 
tion for  each  other,  they  would  tdways 
flow  towards  each  other  and  coalesce, 
were  it  not  for  the  obstacles  that  are 
opposed  to  their  motion  by  the  non-con- 
ducting properties  of  electrics.  When 
these  obstacles  are  overcome,  and  a  free 
channel  is  open  for  the  passage  of  the 
electricities,  they  rush  into  union 
witli  great  force  and  velocity,  producing, 
in  their  transit  and  confluence,  seve- 
ral remarkable  etfects.  After  their 
coalescence,  their  power  seems  to  be 
at  once  annihilated,  or,  more  properly 
speaking,  it  remains  dormant,  until  call- 
ed into  play  by  the  renewed  separation 
of  the  fluids. 

(46.)  Attriiction  and  R(^mUion,  The 
repulsion  which   in   obsvJYNViOi  Vo  Vi^kfe 
place  between  bodivi*  U\8X  w^  vasvJ^A^A 
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own  in  tha  remote  part  Hencetheneu-  GsiPTBH  II. 
tnlityof  tiie  second  body  is  destroyed  by               <?»^«— -^  ^*  vi^,.»mi^§^ 
tbe  aition  of  the  fiwt ;  ind  the  a^jaceirt               ^^^'^  qfElectneUy. 
parts  of  the  two  bodies,  having  now       (40.)  It  is  impossible  to  arriye  at  thp 
oppostte  electricities,  will  attract  each  fiill  comprehension  of  the  muttifonpua 
omer.    It  thus  appears,  that  the  attrac-  &cts  relating  to  any  of  the  physics} 
tion  which  is  observed  to  take  ^ace  sdences  without  the  ajd  of  sofhe  Ipafl- 
between  dectrified  bodies  and  those  ing  principles,   or  mpdes  of  viewing 
that  are  unelectrified,  is  merely  a  con-  them»  by  which  their  conn9:qon9  cs^i 
seouence  of  the  altered  state  of  those  be  represented  to  tlie  mind,  so  as  to 
booies,  resulting  directly  from  the  law  combme  them  intp  an  intelligible  systein. 
of  induction;   and  that  it  is  by  no  We  be^    by  classing   tHe   diffeirent 
means  itself  an  original  law,  or  primary  agents  m  nature,  designating  theqi  bj 
fiwt  in  the  science.  specific  names ;  we  next  endeavpur  to 
(39.)   The  effects  of  induction  will  conceive  these  agents  as  possessed  of 
be  in  proporiion  to  the  facility  with  certain  powers  or  Qualities  a4apte4  to 
which  changes  in  the  distribution  of  the  production  of  me  observed  eftcta* 
deetridty  among  the  different  parts  of  In  the  case  of  light,  for  example*  we 
a  body  can  be  effected,  a  facility  which  may  ponceive  the  phenomena  to  resolt 
corresponds  with  the  conducting  power  from  the  action  of  material  particles, 
of  the  Dody.    Hence  the  attraction  ex-  emanating  in  all  directions  from  the  hi- 
erted  by  an  dectrifiGd  body  upon  ano-  minous  body,  and  obeying  certain  laws 
tber  body  previously  neutral,  will  be  in  their  course ;  or  we  may  adopt  ano- 
much  more  ener^ic  if  the  latter  be  a  ther  hypothesis,  namely,  that  they  pro- 
cmiductor,  than  if  it  be  an  electric,  in  ceed  uoxa  the  undulations  of  an  dastip 
which  these  changes  can  take  place  medium  pervading  space.    By  employ^ 
only  to  a  very  small  extent.    This  is  ing  either  the  one  or  the  other  of  these 
confirmed    by  the    following    experi-  hypotheses,  we  acquire  great  fisuality  191 
ment:   suspend  by  fine  silk  threads  of  tracing  the  connexions  of  the  pheno- 
e^ual  length,  two  small  balls  of  equal  mena  of  optics,  and  retaininjif  ttiem  in 
dimensions,  both  made   of  gum-lac,  our  minds.    This  advantage  is  not  im- 
but   one  having  its    surface    covered  mediately  dependent  on  the  truth  of  the 
with  gold  leaf.    Place  these  two  pen-  particular  hypothesis  we   employ   for 
dulums,  as  they  may  l>e  called,  at  a  that  purpose :  for,  in  the  example  before 
littie  distance  from  one  another,  so  as  us,  it  is  evident  they  cannot  both  be 
to  admit  of  a  compaiison  of  their  mo-  true,  and  yet  th^  Doth  answer  this 
tions ;    and  then  present  to  them  an  end.    But,  of  course,  the  utility  of  an 
excited  electric,  which  may  be  either  a  hypothesis  will  be  proportionate  to  tlvi 
tube  of  glass,  or  a  cylinder  of  sealing-  degree  of  exactness  with  which  it  ao- 
wax.    It  will  at  once  be  seen  that  the  conis  with  the  phenomena.     No  incon- 
ball,  with  a  metallic  covering,  which  venicnce  can  arise  fix)m  its  adoption,  as 
readily  admits  of  the  transfer  of  elec-  long  as  we  bear  in  mind  that  our  rea- 
tricity  from  one  side  to  the  other,  will  sonings  are  founded  on  a  mere  hypo* 
be  much  more  readily  and  powerfully  thesis,  and  as  long  as  we  hold  our- 
attracted,   than  the  other  ball  which  selves  in  readiness  to  abandon  it,  the 
allows  of  no  motion  in  its  electricity,  moment  we  meet  with  facts  with  which 
The  latter  ball  will,  hy  slow  degrees,  it  is  decidedly  inconsistent 
however,  assume  electrical  states  of  tiie        (41.)  Tlie  hvpothesis  which  naturally 
same  kind  as  the  gilt  ball,  and  will  be  suggests  itself  for  the  explanation  of 
feeblv  attracted.    As  this  change  is  very  electrical  phenomena  is  that  of  a  very 
slowly  effected,  so  it  is  more  permanent  subtile  and  highly  dastic  fluid,  pervad- 
when  once  produced;   and  the  plain  ing  the  earth  and  all  other  material 
ball  adheres  for  a  considerable  time  to  b(^es,  but  itself  devoid  of  any  sensible 
the  electric  which  has  attracted  it.  The  gravity.    We  must  suppose  this  fluid 
gilt  ball,  on  the  contrary,  is  sooner  re-  to  be  capable  of  moving,  with  varions 
pelled,    bjr    its    readily   receiving  the  degrees  of  fadUty,  through  the  pores  or 
charge  of  dectricity  imparted  to  it  by  actual  substance  of  different  kinds  of 
the  electric.     A  de^e  of  permanent  matter.    In  some,  as  in  those  we  caQ 
dectricity,  however,  is  also  induced  on  conducton,  or  mm^eketrics^  such  ■■ 
this  ball,  in  conseauence  of  its  gradual  the  metals,  it  moves  without  any  par- 
penetration  into  the  substance  of  the  odvable  obstruction :  but,   in   ^ata, 
gum-lac  resin,  and,  ia  gaoaral,  in.  all  bodsBf    , 
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called  electrics,  or  non-conductors,  it  to  the  glass ;  the  resinous,  to  the  amal- 
moves  witli  great  difficulty.  Moreover,  gam.  What  remains  m  each  surface 
as  the  phenomena  appear  to  point  out  undecomposed  continues  to  he  quite 
the  existence  of  two  distinct  kinds  of  inert,  and  has  no  other  influence  on  the 
af;encies,  we  may  further  assume  that  phenomena,  than  being  ready,  on  the 
there  are  two  distinct  species  of  electric  continuance  of  the  decomposing  action, 
fluid,  which  we  shall,  for  the  present,  to  fumisli  a  fresh  supi)ly  of  both  fluids 
name  the  vitreous  and  the  rennoui  to  the  bodies  in  the  vicinity. 
electricities.  They  must  each  have,  (44.)  Distribution.  Each  of  these 
when  separate,  the  same  general  pro-  fluids,  being  highly  elastic,  their  par- 
pert  ies  as  have  already  been  enume-  tides  repel  one  another  with  a  force 
rated ;  but,  in  relation  to  each  other,  which  increases  in  proportion  as  their 
there  must  be  a  complete  contrariety  in  distance  is  less :  and  this  force  acts  at 
their  natures,  so  that  when  combined  all  distances,  and  is  not  impeded  by  the 
together,  their  actions  on  the  bodies  in  interposition  of  bodies  of  any  kind,  pro- 
their  vicinity,  or  on  the  particles  of  vided  they  are  not  themselves  in  an 
electric  fluicl  contained  in  those  bodies,  active  electrical  state.  From  the  most 
are  exactly  balanced;  and  all  visible  careful  analysis  of  the  phenomena,  it 
action  ceases.  It  is  in  this  state  of  has  been  deduced  that  the  exact  law  of 
union,  in  which  they  perfectly  neu-  this  force  is  the  same  as  thatofgravi- 
tralize  one  another,  that  they  exist  in  tation,  namely,  that  its  intensity  is  in- 
bodies  which  may  be  said  to  be  in  their  versely  as  the  square  of  the  distance. 
natural  stale  with  regard  to  electricity.  The  mode  in  which  the  electricity 

(42).  Tlius,   then,  may   the  problem  imparted  to  a  conducting  body,  or  to  a 

be    solved,    in    which    it    is   required  system  of   conductors,    is    distributed 

to   conceive   an    agent,  analogous,   in  among  its  different  ])arts,  is  in  exact 

many  respects,  to  other  known  ag:ents,  conformity  to  the  results  of  this  law,  as 

and  to  assign  to  it  such  properties  as  deduced  by  mathematical  investigation, 

will,  in  their  results,  correspond  to  all  But  we  reserve  the  examination  of  this 

the  observed  phenomena.     In  order  to  subject  for  a  future  chapter, 

apply  to  it  this  latter  test,   we  must  While  the  particles  of  each  fluid  repel 

trace  all  the  consequences  which  flow  those  of  the  same  kind,  they  exert  an 

from  the  suppositions  we  have  made,  eo ually  strong  attraction  for  the  pad ieles 

and  strictly  compare  them  with  the  facts  of  the  other  species  of  electric  fluid.  This 

both  as  presented  to  us  by  nature,  and  attraction,  in  like  manner,  increases  with 

as  resulting  from  experiment.    These  a  diminution  of  distance,  and  follows 

facts,  it  will  be  recollected,  are  redu-  the  same  law  as  to  its  intensity,  namely, 

cible  to  those  of  excitation,  attraction,  that  of  the  inverse  ratio  of  the  square 

and  repidsion,  distribution,  induction,  of  the  distance.    This  force,  also,  is  not 

and  transference.  affected  l)y  the  presence  of  any  intervcn- 

(43.)  Excitation,  From  various  ingbody. 
causes,  of  which  the  friction  of  sur-  (45.)  Transference,  Since  the  two 
faces  is  one,  the  state  of  union  in  electricities  have  this  powerful  attrac- 
which  the  two  electricities  naturally  tion  for  each  other,  they  would  always 
exist  in  bodies,  is  disturbed ;  their  flow  towaids  each  other  and  coalesce, 
latent  powers  are  called  forth  by  their  were  it  not  for  the  obstacles  that  are 
separation ;  the  vitreous  electricity  is  opposed  to  their  motion  by  the  non-con- 
impelled  in  one  direction ,wliile  the  resin-  ducting  pronerties  of  electrics.  "When 
ous  is  transferred  to  the  opposite  side ;  these  obstacles  are  overcome,  and  a  free 
and  each  can  now  manifest  its  pecu-  channel  is  open  for  the  passage  of  the 
bar  energies.  When  accumulated  in  any  electricities,  tliey  rush  into  union 
body,  or  part  of  a  body,  each  fluid  acts  with  great  force  and  velocity,  producing, 
in  proportion  to  its  relative  c^uantity,  in  their  ti'ansit  and  confluence,  seve- 
that  is,  to  the  quantity  which  is  in  excess  ral  rcmaikable  effects.  After  their 
above  that  which  is  still  retained  in  a  coalescence,  their  power  seems  to  be 
state  of  inactivity  by  its  union  with  at  once  annihilated,  or,  more  properly 
electricity  of  the  opposite  kind.  Thus  speaking,  it  remains  dormant,  until  call- 
when  glass  is  rubbwl  with  a  metallic  cd  into  play  by  the  renewed  separation 
amalgam,  a  portion  only  of  the  elec-  of  the  fluids, 
tricities  at  the  two  surfaces  is  decom*  (46.)  Attraction  and  Repulsion.  The 

gosed ;  the  vitreous  elieetrieity  resulting  repulsion  which   is   observed  to  take 

om  this  docompositioQ  attaches  itseU*  place  between  bodies  that  are  insulated 
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and  charged  mth  any  one  apedes  of  gtate^  it  most  re|jd  the  partklea  of  tiia 

deetrioitjr,  for  other  bodies   amilarly  same  electricity  in  all  surroundiiig  bo- 

chaiged,  is  derived  horn  the  repulsive  dies,  and  attract  those  of  the  oppoHfte 

power  which  the  particles  of  this  fluid  spedes :  or»  in  other  worda,  it  tends  to 

exert  towards  those  of  their  own  species,  decompose  their  united  electricitiest  ae- 

Let  us  suppose  a  body  charfi;ed  with  cumulating  the  electricity  of  the  oppo- 

dectricity  to  be  suspended  in  the  air,  or  site  species  towards  the  nearest  side* 

otherwise  surrounded  by  a  non-con-  and  impeUing  that  of  the  same  spedes 

ducting  medium,  which  allows  it  to  towards  the  remote  side.    The  bodv 

aove  fredy.    As  long  as  this  body  re-  thus  acted  upon  is  no  longer  neutral, 

mains   alone,   the    outward    pressure  although  it  contains,  on  the  whde,  its 

which  the  electric  fluid  exerts  against  natural  quantities  of  both  dectiidtiat ; 

the  insulating  medium  that  confines  it,  but,  in  consequence  of  their  partial  dis- 

will,  by  the  laws  of  hydrostatics,  be  tribution,  dectrical  appearances  win  be 

equal  on  all  sides ;  and  the  body,  thus  exhibited  in  its  different  parts.    The 

balanced  by  equal  and  opposite  pres-  further  prosecution  of  this  brandi  of 

■ores,  will  nave  no  tendency  to  move,  the  subject  must  also  be  postponed  to  a 

But  if  another  body,  similarly  circum-  subsequent  chapter,  our  present  ol:ge0t 

fltanced,  be  brought  near  it,  tne  repul-  being  merdy  to  point  out,  in  a  generd 

■ive  action  between  the  similar  electri-  way,  the  coincidence  of  the  fundamentd 

dties  contained  in  these  bodies,  wUl  facts  with  the  proposed  theoiy. 
diminish  the  outward  pressures  of  each       (48.)    Thus  far  we  have  proeeeded 

fluid  against  the  ddes  of  the  bodies,  upon  the  hypothesis  of  there  hemg  two 

(^»  c,/^.  8.)  which  are  adjacent  to  each  distinct  dectric  fluids,  having  eectun 

properties  in  common,  but  ewh  beiqg 

Fig.  8.  characterized  by  a  certain  modifieatkn 

•  of  these  properties.     It  is»  howefcr, 
equally  possible  to  account  for  all  the 
^  phenomena  with  the  same  exactness,  on 
the  supposition  of  their  resulting  from 
the  a^ncy  of  a  single  dectric  fluid, 
other;  and  it  will,  at  the  same  time.  This  simpkflcation  of  the  theory  may  l)e 
increase  the  outward  pressure  on  the  considered  as  the  discovery  of  the  im- 
c^posite  or  remoter  sides  (a,  d.)    Both  moi'tal  Franklin,  although  it  had  oc- 
these  causes    conspire    to  desb'oy  the  curred  at  the  same  peric^  to  Dr.  Wat*" 
equiliMum ;  each  body  is  impelled  in  son  ;    for  it  was  Franklin  who    flrst 
the  direction    of    Uie    preponderating  pointed  out  the  mode  in  which  it  might 
force,  that  is,  in  a  direction  from  the  be  successfully  applied  to  explain  some 
other  body  ;  and  an  effect,  which  may  of  the  most  remarkable  phenomena  of 
be  called  repulsion,  takes  place.    The  the  science.    Several  particular  points 
Texy  same   explanation,  it  is  evident,  in  his  theory,  as  he  originally  proposed 
applies  to  both  kinds  of  electricity,  their  it,  were  defective,  and  were  founid  on 
properties  being  in  this  respect  exactly  strict  examination  to  be  at  variance  with 
alike.  ascertained  facts.    It  is  to  /Bpinus  and 
If,  on  the  other  hand,  a  body  charged  to  Cavendish  that  we  owe  the  rectifica- 
with  vitreous  electricity  be  presented  to  tion  of  these  errors :  and  the  theory  of 
one  that  is  charged  witn  resinous  dectri-  Franklin,  as  thus  amended,  whatoer 
city,  the  attraction  of  these  two  fluids  wUl  alterations  the  ^ture  progress  of  disco- 
diminish  the  outward  pressure  on  the  very  may  oblige  us  to  make  in  it,  will 
remote  sides  of  the  bodies,  and  increase  ever  remain  one  of  the  most  beautifd 
it  on  the  adjacent  sides  ;   hence,  the  specimens  of  this  kind  of  reasoning 
bodies  will  be  utj^  towards  each  other,  which  philosophy  has  produced.     Cn 
and  motions  indicative  of  attraction  will  this  hypothesis  we  shall  now  present  a 
result    Thus,  in  all  cases,  do  the  move-  brief  outline ;  and  point  out  the  mode 
ments  of  the  bodies  represent  the  forces  in  which  it  explaiitf  the  phenomena, 
themsdves  which  actuate  the  partides        (49.)  We  set  out,  then,  with  sup- 
of  the  devdoped  dectricitics  they  con-  posing  that  there  exists  in  all  bodies  a 
tain.  subtile  fluid,  which  we  shall  call  the 
(47.)    Induction,   The  law  of  indue-  electric  fluid ; — ^t hat  its  partides  roNL 
tion  is  a  direct  consecjuence  of  the  hypo-  one  another  with  a  force  varying  uk 
thesis  we  are  considering.    Wherever  versdy  as  the  square  of  the  distanof  ^ 
one  of  the  dectricities  exists  in  aaaetiya  that  th^  attract  the  partidiea  of  dl 
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othcrmatter,  or  some  specific  ingredient  (51.)  The  mutual  recession  of  two 
in  that  matter,  with  a  force  following  the  positively  electrified  bodies  is  a  direct 
same  law  of  the  inverse  square  of  the  consequence  of  the  repulsion  of  the  re- 
distance ; — that  this  fluid  is  dispersed  dundant  fluids  contained  in  each,  which, 
through  the  pores  of  bodies,  and  from  being  attached  to  the  matter  by  their 
some  unknown  peculiarity,  can  move  attraction  for  it,  impel  it  in  the  direction 
tlirough  them  with  various  degrees  of  of  their  own  repulsion.    In  the  same 
facility,  according  as  they  are  conduc*  way  the  mutual  approximation  of  two 
tors  or  non-conductors.     Bodies   are  boaies  in  opposite  electrical  states  is  the 
said  to  l)e  in  their  natural  state  with  immediate  effect  of  the  attraction  of  the 
regard  to  electricity,  when  the  repulsion  redundant  fluid  in  the  one,  for  the  redun- 
oftlie  fluid  they  contain  for  a  particle  dant  matter  in  the  other  ;    and  vice 
of  fluid  at  a  distance  is  exactly  balanced  versd,  for  this  attraction  is  mutual, 
by  the  attraction  of  the  matter  in  the  (52.)  A  difficulty  does,  indeed,  occur 
body  for  the  same   particle.    In  this  when  we  attempt  to  apply  the  theory  to 
state  they  may  be  considered  as  satu^  the  case  of  two  bodies  which  are  both  in 
rated  witn  the  electric  fluid.    Whenever  a  state  of  negative  electricity,  that  is,  in 
tlioy  contain  a  quantity  of  fluid  greater  which  there  exists  in  both  certain  quan- 
than  this,  they  are  said  to  be  positively  tities  of  matter  unsaturated  with  electric 
elert rifled,  or  to  have  positive  electricity,  fluid.    What  action  does  the  theory,  as 
When,  on  the  other  hand,  there  is  a  hitherto  stated,  point  out  as  the  result  in 
quantity  less  than  that  required  for  satu-  this  particular  ease  ?  Plainly  none.    AH 
ration,  the  body  is  said  to  be  negatively  those  portions  of  the  matter  of  each 
elect  rifled  f  or  \o\\Q.\c  negative  el^tricity.  body  which  are  still  saturated,  together 
III  the  former  case,  it  is  the  fluid  that  is  with   the  fluid  which  saturates  them, 
redundant,  or  in  excess ;  in  the  latter,  can  have,  as  we  have  already  seen,  no 
it  is  the  matter  which  is  left  unsaturated  eflFect  either  of  attraction  or  repulsion, 
that  should  be  considered  as  the  redun-  The  only  active  element  is  the  unsatu- 
dant  principle.    The  state  of  positive  rated  matter ;  but  the  hypothesis  does 
electricity,  then,  consists  in  a  redun-  not  assign  any  action  of  this  matter 
dance  of  fluid,  or  in  matter  that  is  over-  upon  other  matter  at  a  distance.    Yet 
saturated,  as  it  has  been  termed ;  that  we  learn  from  experience  that  the  bodies, 
of  netrative  electricity,  in  a  deficiency  of  under    these    circumstances,    actually 
fluid,  or  in  matter  under-saturated,  or,  repel  one  another.     In  order,  therefore, 
what  is  an  equivalent  expression,   in  to  render  the  hypothesis  conformable  to 
redundant    matter.     In  mathematical  fact,  we  are  obliged  to  annex  to  it  ano- 
language,  the  former  condition  may  be  ther  condition  ;  namely,  that  the  parti- 
expressed  by  the  sign  plus;  the  latter  cles  of  simple  matter,  that  is,  of  matter 
by  that  of  minus.     In  considering  the  uncombined  with  the  electric  fluid,  exert 
mutual  electrical  actions  of  bodies,  the  a  repulsive  action  on  one  another.     It 
portions  in  which  the  matter  and  the  is  singular  that  so  acute  a  mind  as  that 
fluid  mutually  saturate  each  other,  need  of  Franklin  should  not  have  discerned 
not  be  taken  into  account,  since  their  this  defect  in  his  own  theory,  or  perceived 
actions,  as  we  have  seen,  are  perfectly  that  this  further  condition  was  abso- 
neutralized :  and  we  need  only  attend  to  lutely  requisite  for  the  explanation  of 
those  of  the  redundant  fluid  and  the  the  phenomena.    Without  it,  indeed,  we 
redundant  matter.  should  be  unable  to  explain  the  want  of 
(50.)  When  a  body  contains  more  action  between  two  neutral  bodies ;  for 
than  its  natural  proportion  of  electric  the  repulsion  of  the  fluids  in  both  bo- 
fluid,  the  surplus  will,  by  tlie  repulsive  dies  being  balanced  by  the  attraction  of 
ti'iidency  of  its  particles,  overflow  and  the  fluid  in  the  one  for  the  matter  in  the 
escape,  if  such  escape  l)e  allowed,  until  other,  the  remaining  attraction  of  the 
the  body  is  reduced  to  its  neutral  state,  fluid  in  the  second  body  for  the  matter 
When  under- saturated,  the  redundant  in  the  first  would  be  uncompensated  by 
matter  will  attract  fluid  from  all  quar-  any  repulsion,  and  the  forces  would  not 
ters  from  which  it  can  receive  it,  until  it  be  held  in  equilibrium,  as  we  find  they 
is  again  brought  to  its  neutrsd  state,  really  are. 

Tliis  efflux,  or  influx,  is  prevented  either  (53.)    The  law  of  electrical  induction 

when  the   body  is  surrounded  on  all  is  an  immediate  consequence  of   the 

sides  ]jy  substances,  through  the  pores  Pranklinian    theory.      When    a    body 

of  which  the  fluid  cannot  pass,  or  when  charged  with  electricity  is  presented  to 

the  body  itself  ia  of  that  nature.  a  neutral  body,  the  redundant  fluid  of 
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St  ffitoiet  isimi  a  iiipi]lriT€  solioii  on  genenl^  thfinoit ouufHikoDt $  iliil  bt* 

e  illlid in  the  ktidr  hodj;  andlf  ifab  otiuette(m?«r8idnofteniiftUeranMtff 

Uitoeils  to  be  a  eohductor,  h  impels  a  that  !tuitnowpdinted(nitiHlllii«]lciBi«i 

eJmmln  itortidtidf  that  fluid  to  the  renlcite  etiabie  us  to  mit>p]y  the  AMsnaticril  6t 

dbd  6f  inis  body,  irhich  becomes  at  that  the  sam^  phtmomeoctai  ieettdiik^  to  tfaa 

ittrl   tl^sitivelv   eiieetrifled;   while  its  theonr  <tf  Du  Fay.    Ai  to  the  fttetioa 

iMNUtTeiid,  which  the  same  fluid  has  whi(sn  of  these  two  hipMheses  «p- 

^iiiited,  is  cbnsequently  in  the  state  of  prbaches  the  nearest  td  uw  tMI  state  i^ 

li^iUTe  electricitV.    tf  the  flrst  body  things,  we  are  hot  yel  pH^MM  to  dis- 

Hl3  bteii  tttjpUiveiy  dectrifiied,  its  unsa  -  cuss  the  fd!gilitieiits  th«  boold  enable  ui 

ttiMted  Diafier^ould  have  exerted  an  to  decide  it;  and  #e  must;  tfaereffatv,  wait 

aniiLcave  force  on  the  fluid  in  the  till  we  can  resume  the  subject  in  Ami 

second  body,  and  would  hate  drawh  it  s^el. 

litprtr  to  imlf,  producing  an  accumu-  The  fhrther  defdopmedt  df  fliesc 

lation  or  rieduiiaaiice  of  fluid  at  the  theories,  and  of  the  uwof  indttetion^ 

aibacent  elid,  and  a  cort-esponding  defl-  in  pdrtitular^  muit,  for  the  Jiresent»  be 

dency  lil  thb  remote  end :  that  is,  the  postponed,  siilce  they  require  lis  to  be 

Ibrmtt  would  have  been  rendet«d  posi-  acquidnted  with  hulny  pnlctieil  detaili 

tlve,  and  the  liitter  negative.    All  this  relating  to  the  accumuhltion  of  elee* 

U toactlycotifojltnable to obsisrvation.  tridtf ,  imd  its  management  when  i^ 

(54.)  The  phenomena  of  traiisfereiici  pliecfto  tenons  objens  of  tepetimeand 

are  easily  explicable  on  this  hypothesis ;  research; 
aiUi  they  aris^  from  the  desmiction  of 

the  tatlilibrium  of  forces,  wltibh  coh->  ^             ttt 

fined  the  fluid  to  a  particular  sltuaticln  Chaptih  HI. 

^^^^i^^}^'^^^ALA  u    i^^^  medncaiMachmei: 

(55.)  There  is,  mdeed,  ilo  ftct  ex- 
plicable by  the  hypothesis  of  a  double  (56.)  Tbs  essential  parts  of  an  inaln* 
fluid,  which  is  not  explained  with  ment  for  procuring  laige  ftmplies  of 
equsl  fecility  by  that  of  a  single  electricity  fdr  the  purposes  of  taped- 
fluid,  with  the  condition  already  stated,  ment,  or  ah  eleetncal  maekine,  as  it  is 
The  explanation  by  the  flrst  is  easily  called,  are  the  electric,  the  rubber,  the 
converted  into  an  explanation  by  the  prime  conductor,  the  insulator,  and  Ihe 
second,  by  substituting  the  expressions  machinery  for  setting  the  ^octric  in 
of  pontive  and  negative  for  those  of  motion. 

vitreous  and  rennom  electricities;  and       (57.)  The  electric,  by  the  excitation 

considering  the  action  of  the  latter  as  of  which  the  electricity  is  to  be  do- 

arising  from  the  influence  of  redundant  velopcd,  may  be  ihade  of  various  mate- 

or    unsaturated   matter,   to  which  is  rials.    Globes  of  sulphur  were  employed 

ascribed  in  the  Franklinian  hypothesis  by  the  earlier  electricians  finr  that  pur- 

a  similar  operation  to  that  of  the  resi-  pose ;  but  polished  glaiijr  is  found,  on 

nous  electricity  in  the  hypothesis  of  Du  the  whole,  to  be  the  most  convenient 

Fay.    The  hypothesis  of  a  single  fluid  substance.    The  original  form  jgiven  to 

has,  it  must  be  allowed,  the  advantage  it  by  Hauksbee,  who  ifras  the  mventbr 

of  greater  simplicity ;  but,  on  the  otiier  of  the  electrical  machine,  was  that  of  a 

hand,  it  lies  open  to  the  objection  of  its  globe,  which  he  caused  to  revolve  upon 

mvolving  a  condition  which  appears,  at  a  vertical  axis.    The  most  convenient 

first  view,  to  be  at  variance  with  our  forms,  however,  are  those  of  a  hollow 

Ereconceived  notions   of  the   primary  cylinder,  or  ofa  flat  circular  pUite.pevolv. 

iws  of  matter,  and  more  especially  with  ing  upon  a  horisontal  axis.  When  lised 

that  of  gravitation ;  namely,  that  which  in  the  form  of  a  globe  or  cylinder,  it  has 

implies  the  mutual  repulsion  of  its  par-  sometimes  been  found  advantageous  to 

tides  when  void  of  electricity.  line  the  inside  of  it  with  a  thin  layer  of 

When  viewed  as  a  mere  hypothesis  a  resinous  composition,  consisting  of 

calculated  to  facilitate  our  comprehen-  four  parts  of  Venice  turpentine,  one  of 

sion  of  the  phenomena  and  of  their  con-  resin,  and  one  of  bees'  wax.    This  must 

nexions,  it  is  a  matter  of  indifference  be  introduced  in  sufficient  quantity  into 

which  we  employ,  for  they  will  either  of  the  inside  of  the  globe  or  cylinder,  and 

them  answer  the  purpose.    In  our  fu-  when  the  glass  is  lirought  gradually  to 

ture  explanations  we  shall,  in  general,  an  equal  degree  of  heat  throusiiout  the 

adhere  to  tiie  lan|;uage  of  theTrank-  melted  substenees,  is  allowed  Id  imead 

onian  theoiy,  as  bemg  the  simplestt  and  itself  over  tht  lafaifor  tntftie^  by  iia«>  ^ 
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te  globe  or  qrlinder  a1)out  itx  axis, 
irint^ipal  use  of  such  a  coaling  is 
prove  bad  machines,  for  it  is  not 
reiUneood  ones, 

ic  earlier  eleclricions  contejited 
ielvcs  with  using  the  hand  as  a 
r,  liU  a  cushion  was  introduced 
at  purpose  by  I*rofessor  Winkler, 
jlpsif.      Tiie  cusliion   is  usually 

of  .soft  leallier,  generally  basil 
slufiVd  ivitll  hair  or  wool,  so  as  lo 

hard  tts  the  bottom  of  a  chair, 
;t  siilHcienlly  yielding  to  nccora- 
e  itself,  without  much  pressure, 

surface  of  tliu  glass  to  which  it 
lied. 

.)  Of  cj-lindric  machines,  the  sim- 
snd  most  ])i'rfcct  construclion  is 
ivcnti'd  by  Naime,  and  whicli  is 
(■tiled  \njip.9.  The Einss  cylinder 
"om  If  to  1 6  inches  in  diameter,  and 


being  fiisfetied  to  it  by  the  intervention 

of  ahent  spring,  the  purpose  of  which 
is  to  keep  it  equally  pressed  Bgainst  the 
cylinder  In  ever^  part  of  its  revolution. 
The  pressure  of  the  cushion  is  also  fur- 
ther regulated  hy  an  adjusting  screw 
adapted  lo  the  wooden  base,  on  which 
the  glass  pillar  that  supports  the  con- 
ductor is  fixed.  From  the  upper  edge 
of  the  cushion  there  proceeds  a  flapF 
of  thin  oiled  silk,  which  is  sewed  on  the 
face  of  the  cushion  about  a  quarter  of 
an  inch  from  its  upper  edge.  It  extends 
over  the  upper  surface  of  the  glass 
cylintler  to  within  an  inCh  of  a  row  of 
metallic  points,  proceeding  like  the  teeth 
of  a  rake  from  a  hoHiontal  rod,  which 


rig.  0 


ne  to  two  feet  hjng,  supported,  for 
rposc  of  insulaliun,  im  two  up- 
■iUus  of  KliiKs,  which  are  fixed  lo 
ivoodtn  itand.    Two  holli 


1  each  side,  upon  two  insulating 
of  glass,  whicn  are  cemented  into 
■pnrate  pieces  of  wood  that  slide 
.  the  base  so  as  to  allow  of  their 
brought  within  different  distances 
the  cylinder.  To  one  of  ihese 
ctors  14,  the  cushion  ia  sttMhed, 


cylinder  must  always  be  given  in  the 
direction  of  the  silk  flap ;  and  it  mav 
be  communicated  cither  by  a  single 
handle,  or  by  a  nmltiplylng  wheel  W, 
as  in  Uie  figure:  the  latter  produces 
more  electricity  in  the  same  time,  but 
the  labour  of  turning  is  increased  nearly 
in  the  same  proportion.  On  some  ac- 
counts it  is  more  convenient  to  place  the 
conductor  to  which  the  rubber  is  not 
attached,  al  r'ght  angles  to  the  cylinder ; 
and  this  is  the  plan  adopted  in  tue  com- 
mon elccltical  machines. 

(59.)  The  conductor  P,  to  which  the 
rubber  is  nOt  attached,  is  generally 
called  the  prime  conductor,  or  the  pott- 
iive  conductor,  as  the  electricity  with 
which  it  becomes  charged  is  positive. 
It  is  a  cylindrical  lube,  each  end  ter- 
minaliiig  m  n  lieiuisplieru.  There  ii  no 
advant.ige  in  its  bein^  made  of  solid 
materials,  for  the  electricity  is  contained 
only  at  the  surfaces.  It  may  he  made 
of  thin  sheet  brass,  or  copper,  or  tin,  or 
of  pasteboard,  covered  wish  gold  le^or 
tin  foil.  Uare  must  be  taken  that  its 
sui'face  be  free  from  all  points  and  aspe- 
rities ;  and  the  perforationa  which  are 
made  in  it,  and  which  should  he  about 
the  size  of  a  tjuilt,  for  the  purpose  of 
attaclung  wires,  and  other  kinds  of  ap- 
paratus, should  have  their  edges  well 
rounded  and  smoothed  off.  For  the 
more  perfect  insulation  of  the  conduc- 
tor, it  is  advisable  lo  apply  upon  the 
glass  pillar  which  supports  it,  a.  varnish 
ofgura-lac,  orof  seaJing wax.'-. 

(UO.)  The  degree  of  excitation  pro- 


substance  employed  a 


i  riibftcr. 


Mr.  Singer  observes'  that  dry  s'lk  is 
very  efficacious,  but  lliat  the  most 
potvoful  etfculs  are  obtained  by  the  lu* 
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The  plate  machine,  jV'l*.  wi 
finally  proposed  by  Dr.  IngenhoiL 
lias  been  since  much  improved b; 
bertson.   This  machine,  in  its  moi 


of  an  amaleam  of  tin,  zinc,  and  mer- 
cury, applieu  by  meani  of  hog's  lard,  to 
the  surface  oflealheroroiledsilk.  That 
part  of  the  cushion  which  comes  in  con- 
fact  with  the  glass  cylinder,  should  be 
coated  nilh  an  amal^m  of  this  kind, 
■pread  evenly  over  its  surface,  until 
level  with  the  line  formed  by  the  seam 
which  joins  the  silk  flap  to  the  face  of 
the  cushion.    No  amiugain  should  be 

S laced  over  this  seam,  nor  on  the  silk 
ap ;  which  last  should  be  wiped  clean 
whenever  the  continued  motion  of  the 
machine  shall  have  soiled  it,  by  deposit- 
ingdustoramalgamonitssurface.  The 
same  attention  is  requisite  to  the  sur- 
face of  the  glass,  which  often  becomes 
covered  wi5i  black  spots  and  lines, 
more  particularly  when  the  amalgam 
has  been  recently  applied.  It  is  essen- 
tial  to  remove  these  as  often  as  they 
are  formed  in  any  quantity,  since  they 
tend  to  lessen  the  power  of  the  machine. 
The  surface  of  the  amalgamated  cushion 


)  also    soon  soiled ;    for  the  excited     risht  angles  through  its  centre 


ubbed  by  two  pair  of  cusliions,  fl 
opposite  parts  of  the  circumf^ 
elastic  frames  of  thin  mahogany. 


glass  constantly  attracts  dust  from  si 
rounding  bodies,  and  this  dust  is  cui- 

lected  by  the  rubber  as  the  glass  passes  _ 

it    If  the  dust  is  removed  after  every  are  constructed  so  as  to  press  flie 

course  of  experiments,  by  separating  plate  between  them  with  the  t» 

thecushionfromthenegativeconductor,  force, by  means  of  regulatinst  s 

and  gently  rubbing  its  surface,  and  the  A  brass  conductor  P,  suppbrti 

surface  of  the  silk  flap,  with  a  dry  glass,  is  fixed  to  the  frame  of  th 

linencloth,  the  machine  may  be  kept  in  chine,  with    its  branched    extw 

good  order  without  a  frequent  renewal  opposite  to  each  other,  and   ne 

of  the  amBlgam;  such  renewal  being  extreme  diameter  of  the  plate,  in  a 

only  necessary   when  that   which   has  tion  at  right  angles  to  the  vertic 

been  anpUed  becomes  irregularly  dis-  of  the  opposite  cushions.  The  Im 

tributed  over  the  cusliion,  or   impreg-  extremities   of  the   conductor   ai 

nated  with  dust.  nishedwith  pointed  wires,  that  si 

(61.)  The  amalgam  recommended  by  collect  the  electricity  from  the  s 

Mr.  Singer,  is  made  by  melting  together  of  tlie  excited  plate, 
one  ounce  of  tin  and   two  ounces  of         (62. >  It  is  not  quite  determined 

line,  which    are  to  be  mixeil,  while  of  these  two  arran^ments  aflfoi 

fluid,  with   six  ounces  of  mercury,  and  greatest  quantily  of  electricity  frt 

agitated  in  an  iron,  or  tliick  wooden  same  surface;  but  the  cylinder 

box,  till  cold.     It  is  then  to  be  reduced  expensive,  and  less  liable  to  t 


to  V.  . 

mixed  vrilh  a  sufficient  quantity  of  hog':, 
lard  to  form  it  into  apaste.  Whcnamal- 
gams  have  a  large  pi'oportion  of  mer- 
cury, their  action  is  varialile  and  Iran- 


n  the  plate,  and  it  appears  to  i 
nearly  equal  power. 

(63.)  From  wliat  has  alreadj 
explaincil  of  the  general  laws  d 

..- tricilv,  the  mode  in  which  the 

aient.    The  best  cement  for  attaching     chines  act  will  readily  be  unde 


the  cylinder  to  its  pivots,  is  made  bj 
mixing  five  pounds  of  resin,  one  pound 
of  bees' wax,  one  pound  of  red  ochre, 
and  two  table- spoonfuls  of  plaster  of 
Paris.  Tlic  odire  and  plaster  of  Paris 
should  be  well  dried,  and  then  added  to, 
and  allemalely  mixed  with  the  other 
tngredients,  when  tliey  at'c 
ftuion. 


The  friction  of  the  cushion  agai 
glass  cylinder  produces  a  tran 
electric  fluid  from  the  former 
latter;    that  is.  the  cushion  bi 


to  the  glass,  is  carried  round  by 

ate  of    volution  of  tlie  cylinder;  and  its 

is  at  first  prevented  by  the  til 
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which  covers  the  cylinder,  until  it  comes  prime  conductor,  either  with  his  hand, 
to  the  immediate  vicinity  of  the  metallic  or  through  the  intermedium  of  a  metal- 
points,  which  being  placed  at  a  small  lie  rod,  or  chain,  he  may  be  considered 
distance  from  the  cylinder,  absorb  nearly  as  forming  part  of  the  same  system  of 
the  whole  of  the  electricity  as  it  passes  conductors.  When  the  machine  is 
near  them,  and  transfer  it  to  the  prime  worked,  therefore,  he  will  partake  with 
conductor.  Positive  electricity  is  thus  the  conductor  of  its  charge  of  electri- 
accumulated  in  the  prime  conductor,  city,  and  sparks  may  be  drawn  from 
while  the  conductor  connected  with  the  any  part  of  his  body  by  the  knuckle  of 
cushion,  being  deprived  of  this  electri-  any  other  person  who  is  in  communica^ 
city,  is  negatively  electrified.  tion  with  the  ground. 

But    if   both    these  conductors  are 
insulated,  this  action  will    soon   have 

reached  its  limit :  for  when  the  cushion  Chapter  IV. 
and  its  conductor  hav-e  been  exhausted  ^^  ^^  Electrical  Attraction  and 
of  theur  fluid  to  a  certam  degree,  they  •*'  "^  PsnrnLtinn 
cannot  by  the  same  force  of  excitation  nepuksion. 
supply  any  further  (Quantify  to  the  glass.  (65)  Having  obtained,  by  the  elec- 
In  order  to  enable  it  to  do  so,  we  must  trical  machine,  the  means  of  accumu- 
replenish  it,  as  it  were,  that  is,  restore  lating  considerable  quantities  of  elec- 
to  it  a  quantity  equal  to  what  it  has  tricity,  we  are  enabled  to  multiply 
lost.  This  purpose  \yill  be  answered  by  and  extend  our  observations  of  tlie 
placing  it  in  communication  with  aeon-  phenomena,  and  to  examine  with 
dueling  body  of  liirire  dimensions ;  or,  more  precision  their  correspondence 
what  is  still  more  effectual,  by  making  willi  the  results  of  theory.  The  effects 
it  communicate  with  the  earth,  \yhich  is  of  electrical  attractions  and  repul- 
an  inexhaustible  source  of  electric  fluid,  sions  may  be  exhibited  much  more 
Inonler,  there  lore,  to  supply  the  prime  distinctly,  and  on  a  larger  scale  than 
conductor  with  a  constant  stream  of  with  the  simpler  instruments  we  had 
electricity,  we  must  destroy  the  insula-  previously  employed.  The  experiments 
tion  of  the  cushion,  by  placing  on  the  formerly  mentioned  on  the  alternate 
conductor  to  which  it  is  fixed,  a  metal-  approach  and  recession  of  light  bodies, 
lie  chain,  or  wire,  extending  to  the  may  be  repeated  with  either  conductor 
ground.  If,  on  the  other  hand,  we  wish  of  the  machine,  when  charged  with 
to  obtain  negative  electricity,  by  means  electricity,  and  we  may  note  with  more 
of  the  same  machine,  we  must  keep  the  accuracy  the  differences  which  occur  in 
negative  conductor  insulated,  and  con-  the  rapidity  with  which  the  changes 
nect  the  prime  conductor  with  the  from  one  electrical  state  to  another 
ground,  in  order  to  allow  the  fluid  to  take  place  according  as  the  bodies  are 
escape  from  it  as  soon  as  it  is  collected  more  or  less  good  conductors  of  elec- 
from  the  cylinder.  The  fluid  will  thus  tricity.  A  pith  ball,  or  a  fra^ent  of 
continue  to  be  drawn  without  interrup  gold  leaf,  is  very  strongly  and  immedi- 
tion  from  the  negative  conductor,  as  it  ately  attracted  by  the  electrified  con- 
now  meets  with  no  impediment  to  its  ductor,  and  the  instant  after  it  has  come 
discharge  on  the  opposite  side  of  the  into  contact  with  it,  is  repelled;  but 
machine.  it  is  now  attracted  by  the  other  bodies 

That  the  quantity  of  positive  electri-  in  its  neighbourhood,  to  which  it  com- 
city  produced  in  one  contfuctor  is  exactly  municates  its  own  electricity,  and  then 
equal  to  that  of  the  negative  electricity  is  again  in  a  state  to  be  influenced  by 
in  the  other,  is  proved  by  the  fact  tliat,  the  conductor,  and  to  be  again  attracted : 
if  the  two  conductors  are  connected  by  a  and  this  alternation  of  effects  will  con- 
wire,  no  signs  of  electricity  are  obtained  linne  as  long  as  the  conductor  remains 
in  any  of  the  conductors  on  turning  the  charged. 

machine:  but  if  the  wire  be  not  con-        (Gi>.)    These    alternate    and    rapid 

tinuous,  but  interrupted  by  short  inter-  movements   are  best   seen  by  placing 

vals,  a  succession  of  sparks  appear  at  these  small  bodies  between  two  metallic 

each  interval,  indicating  the  passage  of  plates,  placed  as  in  fig.  1 1 ,  the  one  over 

a  stream  of  fluid  fi*om  the  one  side  to  the  other,  at  a  certain   distance;    the 

the  other  of  the  apparatus.  upper    one    communicating   with    the 

(04.)  A  person  standing  on  a  stool  prime  conductor,  the  lower  one  with  the 

with  glass  legs   is  thereby  insulated ;  giound.     If  figures  of  men  and  women 

fuid  if,  in  this  situation,  he  touch  the  arc  cut  out  of  paper  and  placed  betweea 

SI 


II  ILSCTRIOITT. 

Am  two  plitM.  thw  iriD  aihSnt »  rraid    riupe  of  &  huiMB  hMil.  eorvad  villi 

dinee,  wtnls  flior  wtdt  ud  etirv  the    hair,  when  plaoed  npon  the  oaBdqatw 

dMbUty  from  the  up|>er  to  the  lower    umI  electrified,  will  exhibit  th«  nptKr- 

riUa ;  or  contnutwiie,  if  the  conduetor     uice  of  terror  fivm  the  genaitl  bnaUHi 

M  in  dM  Mgative  it^.  up  and  diveiseace  of  the  hiir.   Alow 

c^  wool  highlf  Purged  with  dwtricity 

FIg'll,  wiO, in  like  nunner, iwdl  out  to  t  luge 

riie,  in  conMqnaice  of  the  mntnal  i» 

S  pulsia&ofthenlatnent*  which  eoouoie 

I  it    On  apimacJiiiig  a  needle  toil,  bdd 

^^rtR^Mk  i"  ^he  huid.  whereby  it*  eleotiiatjr  i> 

^satr.v'gy  Quickly  drawn  oCF,  the  cotton  will  atid- 

-^^^^^^  aenly  ibrink  into  ita  original  dimeif 

■iona. 

(60.)  We  have  already  adrerted  to 
the  e^ct«  of  fution  in  tendering  ■OUM 
bodiet  conductor*,  which  in  tlieir  wild 
state  had  the  contrary  proper^.  Tliii 
ii  the  case  with  aealing-wai ;  and  ae- 
Gordinaly,  if  melted  seuline-wax  b« 
eleclrincd,  it*  particles  will  tend  to 
•eparate  1^  th«r  mutual  repulsion,  aad 
to  draw  out  into  fUamenfs.  Let  a  nicM 
of  lealinK-wax  be  fixed  on  the  end  of  a 
wire,  and  be  tet  fire  to,  but  the  f 


(S7.)  This  allemallon  ofattractiona 
and  rqiulaion*  aecompni^nE  the  trans- 
ferring electrinty  by  moveable  conduc- 
ton,  i*  also  illustrated  l>y  the  motion*  of 
a  ball  (jEjT.  12.),  suspended  bj  a  silk 

J%.13. 


,  present 
aches,  to  tl: 


&iA 


thread,  and  placed  between  two  bdls,  of 
which  the  one  is  electrified,  and  the  other 
communicate*  with  the  eround.  The 
alternate  motion  of  the  ball  between 
the  two  bells  will  produce  a  continued 
ringinfc.  As  thus  described,  it  is  a. 
mere  toy,  hut  the  same  Brrangement 
has  been  applied  to  the  philosophical 
puipose  of  giving  notice  of  changes 
taking  nlace  in  the  electrical  state  of  the 
atmosphere. 

(G8.)  The  munial  repulsion  of  bodies 
that  are  similarly electiified  gives  rise 
to  many  amusinit  opiiertTunces.  The 
Ulainents  of  a  fualher  will  separate  from 
each  other  and  diver;;!.',  whi-n  electrified, 
l»«scnlin^  a  sinj^lar  and  uujiHtural 
iq>pearaiicc.     A  small  fl^pire    in    the 


it  it,  at  the  distancs  et 

les,  to  the  electrified  oonductor. 

a  number  of  extremely  fine  filamenta 
will  immediately  dart  out  from  the 
sealing-wax  to  tne  conductor,  on  which 
they  will  be  condensed  into  a  kind  of 
net- work  resembling  wool.  If  the  wire 
with  the  sealins-wax  be  stuck  into  one 
of  the  holes  of  the  conductor,  and  a 
piece  of  paper  be  presented  at  a  mode- 
rate distance  to  Uie  wax,  iust  after  it 
has  been  ignited,  on  setting  the  machine 
in  motion,  anet-wori[  of  wax  will  be 
formed  on  the  paper.  The  same  eWetA, 
but  in  a  slighter  degree,  will  be  pro- 
duced, if  ttie  paper  be  briskly  rubbed 
with  a  piece  of  Indian  rubber,  and  the 
melting  sealing-wax  be  held  pretty  near 
the  paper  immediately  alter  it  ha*  beea 
rulitied.  If  the  paper,  thus  corend 
with  filaments  of  seahiig-wax,be  genllj 
warmed  before  the  fire,  the  wax  wUl 
adhere  1o  it,  and  exhibit  permanently 
tlie  result  of  the  experiment.  Still  nun 
beautiful  are  Uie  appeaiance*  produced 
by  camplior  subjected  to  annular  pro- 
cess. Fortheputpaseofobtainingtiien, 
a  spoon,  holding  apiece  of  lighted  cam- 
phor, must  be  kept  electrified  by  w 
nig  the  m.tchine,  wMIe  it  communii. 
with  tlie  conductor ;  the  camphor  wiD 
then  throw  i  ut  curious  raau&ontiou, 
which  apiiear  to  slioot  like  thoae  of  ■ 
vegetable. 
(70.)  It  i*  oa  tha  wna  frine^  IM 
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the  escape  of  a  conducling  fluid,  such  inslnimtMit  hns  olivioii^ly  noprcfensionn 

us  water,  throuffh  a  narrow  apertuic.  is  lit  being  an  exatt  measure  of  its  inten- 

promoted  by  eleclri^ini;  it.     If  n  small  sity. 

nielallic  vessel  filled  with  water  be  sut-  (73.)    One  of  the  most  ilelicale  in- 

jicndi'd  from  the  prime  coroluctor,  and  slrumcnls  for  deteclinft  the  presence  n( 

tliere  be  placed  in  tlie  water  one  end  of  eleiilricily  is   that  which  was   invented 

a  ^lass  sj'phon.  with  a  capillary  bore  of  by  !Mr.  Uennet,  and  is  usually  cnlletl 

such  a  diameter  as  that  iho  wafer  will  the  gntd-lixif  elecirnmeler ;  altlionah  it 

scarcely  drop  from  it ;  upon  turning  the  is,   iii-operly  speakinj;,  only  an  eli'clro- 

cylinder  of  the  machine  so  as  to  convey  scope.      II   consists   ifig.   U.J  of  two 
electricity  to  the  vessel  and  its  — 


tents,  the  water  immediately  flows  in  a 
stream,  and,  if  tlie  electrical  charge 
be  very  powerful,  the  descending  current 
will  lie  seen  to  separate  into  several 
branches. 

<ri,)  If  a  sponftc  saturated  with 
water,  be  suspended  from  the  prime 
conductor,  the  water  will  at  first  only 
drop  (^aduaHy  from  the  sponge  ;  hut 
when  the  conductor  has  become  strongly 
electrified,  the  drops  will  fill  plenti- 
fully, and,  in  the  dark,  will  produce 
the  appearance  o[  a  luminous  shower 


Fig.  14. 


(72.)  Advantage  is  taken  of  the  re- 
pulsive pniperly  of  eleclrifietl  liodie; 
fur  the  cc>ii-.lniclion  of  au  K/irlnimeler 
or  instrument  adajitiHl  lo  n 


Fig.  13. 


narrow  slips  of  gold  leaf,  g,  suspended 
parallel  lo  each  other,  in  a  glass  cylin- 
der, which  secures  it  from  disturbance 
by  uecidenlal  ciiiTcnls  of  air,  and  at- 
tatticd  to  the  end  of  a  small  metallic 
tube,  which  tcrminnti>s  above  either  in 
a  flat  surface.  S,  of  metal,  or  in  a  mo- 
taliic  ball.  Two  slips  of  tin-foil  (  t,  are 
pasted  to  the  inside  of  the  evlinder,  on 
opposite  sides,  in  a  vertical  position, 
and  so  placed  as  that  the  gold  leaves 
may  come  in  contact  with  them,  when 
tlii'ir  mutual  repulsion  is  sufficiently 
powerful  to  make  them  diven^  lo  that 
exli'nt.  These  shps  of  tin- foil  terminate 
in  the  foot  of  the  instrument,  and  thus 
are  in  communication  with  the  earth. 
A  very  minute  charge  of  eleclricily 
communicated  lo  the  tipper  end  of  Ihe 
tulic.  is  immediately  transmitted  to  the 
gold  leaves,  which  are  thus  made  to 
consists  of  a  slender  rod  of  very  lisht  repel  each  other;  liut  if  the  rqiulsiou 
wooil,  r,  serving  as  an  index,  terminated  is  such  as  to  make  them  strike  i^nunst 
by  a  small  pilh  ball,  and  suspended  the  tin-foil,  their  insulation  ceases,  and 
from  llie  upper  part  of  a  stem  of  wood,  their  eleclricily  is  carried  off;  and 
*,  which  is  fitted  to  a  hole  in  the  upper  I)cing  now  rendered  neutral,  they  ce.iso 
surface  of  tlie  conductor.  An  ivo(y  to  repel  one  another,  and,  collapsing, 
scmii'ircle,  or  qiiatlrant,  q,  is  affixed  to  resume  their  original  position, 
the  stem,  having  its  centre  coinciding  {74.)  The  most  perfect  electrometer 
with  the  axis  of  motion  of  the  rod,  for  for  measuring  very  small  quantities  of 
the  purpose  of  mca'i\iring  the  angle  of  elcchicily,  is  the  apparatus  contrived 
ilcvialion  from  the  perpendicular,  which  by  Coulomb,  and  to  which  he  has  given 
the  repulsion  of  the  ball  from  the  stem  tlie  name  of  the  torsion  balimcs.  It  is 
produces  in  the  movcalile  rod.  The  represented  in  its  simplest  form  in  fig. 
number  of  degrees  which  is  described  15,  and  consists  of  a  cylindrical  glass 
by  the  index,  affords  some  evidence  of  jar,  covered  at  the  lop  by  a  circular 
the  quantity  of  electricity  with  which  glass  plate,  with  a  hole  in  its  centr* 
the  apparatus  ii  charged;  though  the    Through  this  hole  a   single  fibre  0 

c  a 


,0  BLBCTRicmr 

Oh  vd>  e(  tha  ntk-vonn  dMMddt  to  e«t«Uuh  to;  Mtiibetorily  tha  ^ct 
-,„lr  to  Om  bottom  of  tlM  Jar,  and  Uw  of  Tariation,  both  of  tha  attnraw 
^^  and  repnUiTe  foraa,  ariniK  tnm  daa- 

tridhr,  with  relation  to  tbs  diatniwi, 
«hi«n  we  have  already  itatad. 

CraftibV. 

Dutributiom  o/El«etriettt. 

(7S.)  It  had  long  been  oburred,  that 
the  quantity  of  electricity  which  bodica 
•re  capable  of  receiving,  does  not  follow 
the  proportion  oftheir  bulk,  but  d«pnidi 
principally  upon  the  extent  of  thdriur- 
nee.  It  was  found,  for  instance,  that  a 
metallic  conductor  in  the  form  of  a  globe, 
or  cylinder,  contaios  just  as  much  eleo- 
trici^when  hoUow.as  itdoes  when  solid. 
Hence  it  waa  evident  that  the  electricity 
ntide«  altt^ether  at  the  surface,  or  at 
least  doea  not  extend  equally  thro^^i- 
out  tha  whole  mais  of  the  bo<ly.     But 


cither  a  filament  of  gum-lac,  or  a  silk 
ttmad  or  piece  of  straw  coated  with 
inalinr  iraT  At  one  and  it  ii  termi- 
naiied  by  a  small  pith-ball,  and  at  the 
oQiv  by  a  din  of  ramiahed  p^er,  act- 
ina  wMfdy  as  a  counteipoiae  to  the 
huL  The  upper  end  of  the  silk  fibre  is 
•fflxed  to  a  kind  of  button  having  a 
■mall  index,  arul  cuwble  of  beine  ttuned 
nmod  i^n  a  eirciuar  plate  divided  into 
degrees.  One  side  of  the  jar  19  perfo- 
rated to  allow  of  the  insertion  of  a  short 
iomontal  bar,  having  a  small  metallic 
qtheie  at  each  of  itsenda,  the  one  being 
in  the  innde  and  the  other  on  the  out- 
side of  the  jar;  and  the  former  beinK 
•0  ntuated  as  just  to  allow  the  ball  of 
the  suipended  needle  to  come  in  con- 
tact with  it  in  the  course  of  its  revnlu- 
tion.  By  turning  tlie  button,  or  the 
[,  the  needle  may  be  brought  into 


t  that  the  angle  of  torsion  of 
the  silk  fibre  is,  within  a  certain  ranee 
of  distance,  very  nearly  in  the  dire'ct 
ratio  of  the  force  which  acts  in  pro- 
dudng  the  torsion ;  and  tlierefore,  it'the 
two  balls  be  placed  in  contact  by  turning 
the  button,  and  then  similarly  electri- 
fied, the  distance  to  which  they  are 
rqielled  by  the  angular  motion  of  the 
suspended  ball,  affords  a  measure  of 
the  repulsive  force  Pxerted.  In  like 
manner,  the  distance  which  the  sus- 
pended ball  it  made  to  move  when  it 
u  attracted  by  the  fixed  ball,  when  the 
two  have  opposite  electricities,  gives 
accurate  measures  of  the  attractive 
fiwces.  Itwasby theemploymentofthis 
ai^iaratui,  in  a  very  elaborate  series  of 
ipariments,  that  Coulomb  was  enabled 


vettigaliou,  that  precise  notions  could 
be  fimned  of  the  exact  dialribulion  at 
the  electric  fiuid  in  bodies  of  difi'erent 
shapes.  The  labours  of  Cavendislv 
Coulomb,  Foisson,  and  Ivoiy,  have  fiir- 
nished  the  means  of  determining  this 
problem  in  eveiy  case,  however  com- 
plicated; and  whenever  a  comparison 
has  been  instituted  between  tlie  results 
of  experiment  and  of  theory,  the  most 
perfect  agreement  hai  been  found  be- 
tween them.  Thus  all  the  phenomena 
of  electricity  are  found  to  be  in  exact 
conformity  with  the  mechanical  conse- 
quences of  the  theory :  they  can  be  an 
ticipated  with  rigorous  precision,  and 
can  even  I)e  reduced  to  numerical  cal- 
culation in  their  minutest  details,  as 
well  as  in  their  most  intricate  combina- 

(76.)  For  the  purpose  of  measuring 
the  pnniortional  quantities  of  electri- 
city with  which  different  parts  of  the 
same,  or  of  diSbrenttMxlies  are  charged, 
no  instrument  is  so  well  fitted  as  the 
balance  of  Coulomb,  of  which  an  ac- 
count has  just  been  given.  What  pecu- 
liarly adapts  it  for  these  experiments,  it 
its  extreme  sensibilitv,  by  which  the 
slightest  variation  in  tlie  intensi^of  the 
attractive  or  repulsive  force  proauces  a 
very  considerable  effect  in  the  movement 
of  tlie  horizontal  needle.  In  some  of 
the  experiments  related  by  Coulomb,  a 
force  only  equal  to  the  279ih  of  a  gnun  I 
was  sufficient  to  make  the  needle  pw^  j 
torn  an  entire  revolutioa  romd  ttl   I 
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circle  :  the  360th  part  of  this  force,  we  wish  to  examine,  and  pass  the  proof 

therefore,  or  less  than  the  100,000th  of  plane  into  it  till  it  is  applied  to  the 

a  grain,  might  be  estimated  by  each  bottom  of  the  aperture.    Care  must  be 

dc^ee  of  its  angular  motion.  taken,  however,  in  conducting  these  last 

In  order  to  apply  to  the  instrument  experiments,  that  the  proof  plane  be  not 

only  such  forces  as  it  is  capable  of  suffered  to  touch  any  other  part  of  the 

measuring,    and   of  collecting  at  the  body  except  that  of  which  the  electricity 

same  time  from  the  different  parts  of  is  to  be  determined,  and  not  even  the 

bodies  such  minute  quantities  of  elec-  sides  of  tlie  aperture  through  which  it 

tricity  as  are  exactly  proportional  to  is  introduced,  as  such  contact  would 

those  with  which  they  are  themselves  entirely  falsify  the  result, 
charged.  Coulomb  employed  what  he       The  foUowmg  are  among  the  princi- 

cb\\s  a  proof  plane,  which  is  simply  a  pal  results  of  these  investigations: — 
small  circular  disc  of  gilt  paper,  d,  (  fig.        {77.)  In  a  solid  body  having  the  form 

15,)  fixed  to  the  extremity  of  a  very  of  a  perfect  sphere,  and  charged  with 

slender  cylinder  of  gum-lac,  and  thus  positive  electricity,  the  whole  of  the 

completely  insulated.    If  we  wish,  then,  fluid  is,  in  consecjuenoe  of  the  repulsion 

to  ascertain  the  proportions  in  which  of  its  own  particles,  which  is  every- 

electricity  is  distriouted  on  the  surfaces  where  directed  from  the  centre  out- 

or  interior  of  any  particular  body,  we  wards,  accumulated  in  a  thin  stratum 

first  insulate  that  body  as  completelv  at  the  very  surface  of  the  sphere.  If  the 

as  possible,  and  impart  to  it  a  small  bod^  be  charged  with  negative  elec- 

Guantity  of  electricity  by  a  spark  from  tricity,  the  deficiency  of  fluid  will  take 

the  prime  conductor.     We  next  touch  place  only  in  the  superficial  stratum  of 

any  of  the  points  on  its  surface,  the  matter. 

electricity  of  which  we  may  wish  to  (78.)  If,  instead  of  being  spherical, 
measure,  with  the  little  gilt  disc,  holding  the  body  have  any  other  form,  the  dec- 
it  by  the  other  end  of  its  insulating  tricity  will  still  be  chiefly  confined  to 
liandle ;  then  carrying  the  plane  to  the  the  surface ;  and  if  it  have  an  elongated 
torsion  balance,  of  which  the  moveable  form,  there  will  be  a  greater  charge  iii 
ball  has  been  previously  charged  with  the  remoter  parts  than  in  those  nearer 
an  electricity  of  the  same  kind,  we  bring  to  the  middle. 

it  for  an  instant  in  contact  with  the       (79.)  Tliis  result  of  theory,  respecting 

fixed  ball.    We  then  withdraw  it,  and  the  limitation  of  electricity  to  the  mere 

the  fixed  ball  being  now  electrified  in  surface,  is  confirmed  in  the  most  deci- 

the  same  manner  as  the  moveable  one,  sive   manner  by  the   experiments    of 

repels  the  latter  with  a  force  measured  Coidomb.    A  conducting  body  of  the 

by  the  angle  of  torsion,  at  which  the  form  represented  by  the  section,/^.  16, 
moveable  oall  stops.    While  the  little 

plane  and  the  baJls  of  the  balance  remain  Fig-  16. 

the  same,  the  division  of  the  electricity 
between  the  little  plane  and  the  move- 
able ball  preserves  the  same  uniform 
proportion ;  and  thus  the  repulsive  force 
which  results,  and  which  drives  off  the 
moveable  bdl,  is  proportional  to  the 

quantity  of  electricity  with  which  the  had  small  pits  made  in  various  parts  of 

little  plane  is  chai^ged.     It  has  been  its  surface.    They  were  half  an  inch  in 

proved,  by  a  series  of  well- contrived  diameter,  and  some  of  the  most  shallow 

experiments,  that  this  quantity  is  ex-  were  not  depressed  more  than  one-tenth 

actly  proportional  to  the  quantity  of  of  an  inch  below  the  surface.    When 

eli*ctricity  which  really  exists   at  the  the  body  was  electrified,  and  the  small 

point  of  the  body  with  which  it  has  proof  plane  applied  in  accurate  contact 

keen  placed  in  contact.    By  applying  to  the  bottom  of  these  pits  and  depres- 

thesametest  and  method  of  admeasure-  sions,  care  being  taken  that  it  should 

mcnt  to  various  other  points  of  the  body  not  touch  their  margin,  and  then  applied 

we  are  studying,  we  may  determine  the  to  the  electrometer,  no  indication  of 

manner  in  which  the  electricity  is  dis-  its  having  received  any  electricity  could 

tributed  in  all  its  parts ;  for  the  method  be  perceived  ;  whereas  the  contact  of 

is  applicable  even  to  the  interior  of  tlie  the  same  proof  plane  with  any  part  «*' 

body,  if  we  pierce  it  with  a  small  hole  the  even  surface  showed  the  latter  to 

terminating  at  the  part  whose  dectridty  stron^^y  electrified. 
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(80.)  The  ibikmiDg  experimeiit  of  diaxigeofdeefarieity  tothecyflhder.  tiM 
Bioft  eontains  alto  a  striknif  practical  thretuls  and  balla  of  the  ekehroteope 
lUasUmtioD  of  the  same  trutn.    Let  a    diverge.    Upon  taking  hold  of  the  suk 


(Xr.  17.)  represent  a  section  of  any 
■raerold  of  conducting  matter,  suspencU 
n  br  a  thread  which  perfectly  insulates 
It    Leteo  betwocapsfomm  of  gilt- 

1^.17. 
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paper,  tin-foQ,  or  any  conductor,  and 
moi  that,  when  united,  they  accurately 
lit  the  surface  of  the  spheroid ;  and  let 
them  be  also  furnished  with  insulating 
handles  of  gum-lac.  Let  there  be  com- 
municated to  the  ball,  a,  any  degree  of 
dectridtv  -  and  then  let  the  two  caps, 
held  fay  tneu*  insulating  handles,  be  care- 
fiiUy  applied  to  its  surface.  Upon  the 
removal  of  these  caps,  it  will  be  found 
that  the  whole  of  tlie  electricity  has  been 
abstracted  from  the  spheroid,  so  that  it 
will  no  longer  affect  the  most  delicate 
electrometer ;  whilst  the  two  caps  will 
be  found,  upon  accurate  trial,  to  have 
acquired  precisely  the  same  quantity  of 
electricity  which  had  at  first  resided  in 
the  body  a. 

We  may  conclude,  both  from  theory 
and  experiment,  tlierefore,  that  al- 
though, strictly  speak in&^,  the  electricity 
must  reside  within  the  substiince  of 
conducting  bodies,  it  extends,  in  fact, 
to  a  depth  so  small  as  to  l^e  inappreci- 
able by  any  known  methods  of  observa- 
tion. 

(81.)  The  eflPect  of  an  expansion  of 
surface  in  lessening  the  intensity  of 
electricity,  wliile  its  absolute  quantify 
remains  the  same,  is  well  illustrated  by 
the  following  experiment  mentioned  by 
Biot.  Fig.  18  represents  an  insulated 
cylinder,  a  6,  moveable  round  a  hori- 
lontal  axis,  and  capable  of  being  turned 
by  an  insulaiinir  handle  h.  Around  the 
cylinder  is  coiled  a  thin  lamina  of  any 
metal,  c,  the  end  of  which  is  semicir- 
cular, and  has  attached  to  it  a  silk 
thread  /.  The  whole  apparatus  com- 
municates with  an  electroscope  f ,  formed 
^  two  linen  threads,  each  terminating 
«  a  pith  ball.    On  communicatLog  a 


thread,  and  unrolling  the  metallic  lamina 
from  the  cvlinder,  the  balls  gradual!/ 
collapse ;  thus  indicatinc:  a  diminution 
in  the  intensity  of  electrical  repuLnon. 
If  the  lamina  be  sufBciently  long,  the 
electrical  charge  may  be  spread  over  so 
great  an  extent  of  surface,  as  to  allow 
the  baUs  to  hang  perpendicularly  and 


come  in  contact.  But  on  winding  up 
the  lamina,  the  intensity  of  the  dectncity 
is  restored,  and  the  balls  diverge  to  the 
same  extent  as  before,  allowance  being 
made  for  the  small  dissipation  of  elec- 
tricity which  may  have  occurred  from 
the  contact  of  the  air  during  the  experi- 
ment. 

(82.)  In  the  case  of  a  long  and  slender 
lamina  of  conducting  matter,  charged 
with  electricity,  Coulomb  found  tliat  its 
intensity  contmued  nearly  umform  from 
the  middle  of  the  lamina  to  within  a 
short  distance  from  the  ends ;  at  that 
part  it  rapidly  increased ;  and  at  the 
very  extremity  it  became  twice  as  much 
as  at  the  middle  part  In  a  circular 
plate,  the  electricity  is  accumulated  in 
much  greater  Quantities  at  the  circum- 
ference than  about  the  centre ;  the  in- 
tensities being  in  the  proportion  of  2.9 
to  1 :  that  is,  the  intensity  at  the  centre 
is  nearly  one-third  of  that  at  the  circum- 
ference. 

(83.)  If  the  body  be  an  oblong  ^he- 
roid,  arising  from  the  revolution  ot  an 
ellipse  on  iU  greater  axis,  the  thickness 
of  the  strata  of  electricity,  or,  in  other 
words,  its  intensity,  at  the  extremities 
of  the  two  axes,  is  exactly  in  the  pro- 
portion of  the  respective  axes  them- 
selves. It  thus  appears,  that  if  the 
dlipsoid  be  much  elongated,  the  inten- 
sity must  he  very  feeble  at  tiie  equator. 
but  yeiy  sreat  at  the  poles.  A  still 
more  njiidf  augmentation  of  the  wlaliK 
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intensity  at  the  extremities  takes  place 
in  bodies  of  a  cylindric  or  piismatic 
form ;  and  the  more  so  as  their  Icni^h 
bears  a  gr<?ater  proportion  to  their 
!)readth.  Coulomb  found  by  expcn- 
ment  that,  in  a  cyhnder  thirty  inches 
loner  and  two  inches  in  diameter,  the 
intensity  of  the  electricity  at  the  ends 
was  to  its  intensity  at  the  middle,  or  at 
any  part  more  than  two  inches  from  the 
extremity,  as  2.3  to  I.  Pursuing  this 
train  of  reasoninsr,  it  will  lead  us  to  a 
conclusion  of  some  importance,  namely, 
that  if  the  conduclini?  substance  be 
drawn  out  into  a  point,  the  intensity  of 
the  electricity  at  that  point  will  be  ex- 
ceedinj^ly  great ;  and  that  the  point  will 
accordme;ly  absorb  and  draw  mto  itself 
nearly  the  whole  of  the  electricity  that  is 
contained  in  the  body.  This  vast  con- 
centration of  electricity  is  found  actually 
to  take  place  in  all  points  that  project 
beyond  the  general  surface. 


Chapter  VI. 

Transference  of  Electricity, 

(84.)  Wh  are  next  to  consider  the 
condition  of  bodies  durinc:  the  preva- 
lence of  those  forces  which  tend  to  over- 
set the  electric  equilibrium,  over  those 
which  tend  to  preserve  it.  The  pressure 
exerted  by  the  electric  fluid  against  the 
non-conducting  medium,  such  as  the 
air,  which  opposes  an  obstacle  to  its 
escape,  is  in  a  ratio  compounded  of  the 
repulsive  force  of  its  own  particles  at 
the  surface  of  the  stratum  of  fluid,  and 
of  the  thickness  of  that  stratum  ;  but  as 
one  of  these  elements  is  always  propor- 
tional to  the  other,  the  total  pressure 
must,  in  every  point,  be  proportional  to 
tlie  square  of  the  thickness.  If  this 
pressure  be  less  than  the  resistance,  or 
coercive  force,  as  it  has  been  called,  of 
the  air,  the  electricity  is  retained ;  but 
the  moment  it  exceeds  that  force,  in 
any  one  point,  the  electricity  suddenly 
escai)es,  just  as  a  fluid  confineil  in  a 
vessel  would  rush  out  if  it  were  to  burst 
open  a  hole  in  the  side  of  the  vessel. 

(85.)  It  is  only  a  certain  proportion 
of  the  whole  quantity  of  electricity  in 
the  conducting  body  that  thus  suddenly 
escapes  ;  but  the  irruption  of  it  is 
marked  by  many  very  striking  pheno- 
mena, all  indicative  of  the  abruptness 
and  violence  with  which  the  change  is 
effected.  A  sharp  snap  is  heard,  ac- 
companied by  a  vivid  spark,  and  there 
arc  evidences  of  an  intense  heat  being 


evolved  in  the  line  which  the  electricity 
takes. 

(8C.)  The  passage  of  the  electric  fluid 
through  a  perfect  conductor  is  unat- 
tended with  liccht.  liight  appears  only 
where  there  are  obstacles  in  its  patn 
by  the  interposition  of  imperfect  con- 
ductors ;  and  such  is  the  velocity  with 
which  it  is  transmitted,  that  the  sparks 
appear  to  take  place  at  the  veiy  same 
instant  along  the  whole  line  of  its  course. 
Thus,  if  a  row  of  small  fragments  of 
tin-foil  be  pasted  on  a  piece  of  glass, 
fig,  19    and  electricity  be  sent  through 

Fig.  19. 
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them  by  connecting  one  of  its  ends  with 
the  conductor  of  an  electrical  machine, 
while  the  other  end  communicates  with 
the  ground,  it  will  not  be  possible  to 
detect  any  difference  of  time  in  the  oc- 
currence of  the  light  in  the  ditterent 
parts,  so  that  the  whole  series  of  lumi- 
nous points,  if  sufficiently  near,  appear, 
in  the  dark,  like  a  vivid  and  continuous 
line  of  light  By  varying  the  arrange- 
ment of  the  tin-foil,  we  may  distribute 
the  light  in  any  manner  we  please,  so  as 
to  exhibit  a  brilliant  delineation  of  the 
figure  they  rei)resent.  Even  when  con- 
ducting bodies  appear  to  be  in  contact, 
if  the  experiment  be  made  in  the  dark,  a 
spark  is  generally  seen  to  pass  between 
them,  unless  the  bodies  be  pressed  toge- 
ther with  considerable  force.  Hence^ 
a  chain  appears  luminous  at  each  link, 
while  conveying  a  charge  of  electricity. 

(87.)  The  longest  and  most  vivid 
sparks  are  obtained  between  two  con- 
ductors having  a  rounded  form,  and  the 
more  so  in  proportion  as  they  are  both 
portions  of  splieres  of  large  diameter. 
This  may  be  exemplified  in  a  common 
electrical  machine,  by  presenting  a  me- 
tallic ball  of  large  size  to  that  side  of 
the  prime  conductor  which  is  furthest 
from  the  cylinder  of  the  machine.  In 
such  cases,  however,  the  electricity 
being  of  weaker  intensity,  the  distance 
l)etween  the  conducting  bodies  requisite 
for  the  transfer  of  electricity  tlirough 
the  air,  or  what  is  termed  the  striking 
distance,  is  necessaiily  small.  If  the 
ball  is  of  smaller  diameter,  or  the  con- 
ductor of  a  more  elongated  shajjc,  the 
electricity  at  its  surface  is  of  highex 
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sy^Mltrexlait  of  air;  the  nvk  iim    priKMr 
Ibuean of eotutdenUrlngtii, appear-    iilaiMti 


k  nm 
„  ji.appear- 
fatgaa  a  kmg  ttreak  of  fin  extedmg 
flnn  the  conductor  to  th«  ball,  and 
inataad  of  bang  directed  fowanb  one 
point,  bow  £*tribated  to  variouBpointi 
umnuhouT  a  certain  extent  of  the  nir- 
fteetfthebalL 


BlaaenirfiM,  or  bjr  ol^qae  nfracfioK 
through  a  aariea  of  ^ua  platas. 
(89.)  Hie  brflliann  id  the  dacti 
nhImmmI  to  the  eondnc 


Oiteo,  when  very  lone,  the  ipark  it 

'"  '         an   angi3ii-  or  lig-iag 

r.20.)  exactly  like  that  of 
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paaaet.  When  an  imperleet  coik 
■uch  aa  wood,  is  employed,  ttu  eleetris 
li^t  appean  in  the  fbnn  of  Cunt  nd 
nreami ;  but  metali  aSin^   tbem  of 


ia  probaUtf  occasioned  by  the  flmd  dart- 
ing obbqady  in  its  course  to  minute 
ODnducting particles  that  arefloadn^  in 
Um  air,  a  Bttle  removed  from  the  direct 
fine  of  panage.  Even  particles  of 
moitture  suspended  in  the  air  would  be 
nifflcient  to  occasion  these  deviations, 
TtM  presence  of  such  particles  will  ac- 
count also  for  the  appearance  of  lateral 
scini illations,  which  frequenlly  seem  to 
dJTcrge  from  Ihe  principal  stream  of 
declncity.  The  greater  the  number  of 
■ueh  intermediate  conductors,  or  step. 
nng-stones,  as  it  were,  for  the  electricity, 
the  more  readily  will  the  balance  be- 
tween the  forces  be  overset,  and  the 
imi^on  of  electric  fluid  determined. 
)  When  the  air  is  either  sufficiently 
moistened,  or  sufficiently  rarefied,  the 
electric  fluid  passes  through  it  with 
comparative  facility,  and  its  track  is 
indicated  by  streams  of  li^hl,  probably 
occasioned  by  many  parallel  series  of 
minute  sparks  passing  &om  particle  to 
particle. 

(88.)  Electrical  light  differs  in  no 
respect  from  the  light  obtained  from 
other  sources.  Dr.  WoUaston  found 
that,  when  observed  through  a  prism, 
tlie  ordinal^  colours  arising  from  the 
decomposition  of  lij^ht  are  obtained ; 
but  the  prevailing  tint  of  colour  will 
vary  according  to  the  different  sub' 
stances  through  which  the  sparks  pass, 
or  to  the  nature  of  the  surface  from 
which  they  emanate,  or  liy  which  they 
are  received.  Dr.  Brewster  found  (hat 
it  is  capable  of  undergoing  polaritation, 
•tber  by  tiauEiniBskm  tliroUBh  •  doubly 


diffinnt  eucumstancea.  Spaifci  p 
ing  throi^  balls  of  wood  or  ivoty,  an 
of  a  crimson  colour;  Imt  tbia  d^odi 
also  upon  their  positknt  wiOi  ngard  le 
the  auiface.  If  two  ptniited  wma  bi 
inaerted  oUiqudy  and  in  apponix  A- 
jreetknu  into  a  piece  of  loft  deal,  hniqg 
thftrpflinfi  an  iw^  and  &  half  ^iImL 
Ibnt  pcnelnling  to  ditftrent  d^Uu  bdov 
theaurfiice,  and  so  that  the  line  Joiidag 
them  b  in  t)w  Unction  of  the  fihn^ 
the  sparks  paaaii^  from  the  me  to  flu 
other,  will  exhibit  ditEkrent  o^oan  at 
diff^rant  depths ;  and  if  one  of  the  poinli 
be  inserted  de^er  than  the  other,  ifl 
these  ctdoura  wUl  appear  at  once,  ao- 
ccnling  as  the  dectrie  lig^  1>  tnna- 
mitted  at  various  depths.  Electric 
sparks  passing  from  one  polished  me- 
tallic sur&ce  to  another  an  white ;  but 
if  the  finger  be  presented  to  an  electri- 
fied conductor,  the  spariu  obtained  are 
violet  They  aie  great  when  taken  from 
the  surfiice  of  nivered  leather ;  yellow 
when  taken  from  finely  powdered  char- 
coal ;  and  of  a  purfde  colour  when  taken 
from  the  greater  number  of  imperfect 
conductors.  If  one  of  the  bodies  be- 
tween which  the  spark  takes  place  is  a 
green  plant,  Ihe  light  is  red ;  and  the 
same  is  the  case  with  water  or  ice.  In 
the  vapour  of  ether  Rreen  sparks  an 
seen  when  the  eye  is  placed  close  to  the 
tube :  but  they  appear  reddish  when 
viewed  at  a  considerable  distance.  Even 
between  the  same  two  metallic  con- 
ductors the  colour  may  vaiy  from  the 
most  brilliant  white  to  the  most  delicate 
violet,  according  to  the  distance  througti 
which  the  electricity  is  transmitted,  and 
according  to  the  resistance  of  tlic  me- 
dium which  it  is  compelled  to  h»- 
verse.  In  exceedingly  rarefied  air,  the 
colour  of  the  spark  is  green ;  in  denser 
tur,  it  acquires  a  blue  tint,  and  passes 
to  a.  violet  and  purple,  in  proportion  as 
the  condensation  of  the  mr  ia  increaaed. 
Transmitted  through  other  gaaea,  the  J 
colour  YKiiea  Mooraii^  to  their  danslr.    I 
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In  carbonic  acid  na,  the  spark  is  white  the  same  cause.    Biot  has  adopted  this 

and  vivid  ;  in  hydrogen  gas,  it  is  faint  opinion,  which  appears  to  be  more  oon- 

and  red.  sonant  with  philosophical  views  of  the 

(90.)    It    should  be  recollected,  in  subject  than  any  other :  for  it  Is  certain 

making  these  experiments,  that  in  pro-  that  the  whole  of  the   electrical  light 

portion  as  the  medium  is  more  rare,  its  that  appears  is  not  more  than  what  may 

conducting    power    increases,    and  a  proceea  from  the  mechanical  compres- 

smaller    intensity    of  electricity  is  re-  sion  of  the  air,  the  vapours,  and  other 

ouired  for  the  production  of  light.    In  constituents  of  the   medium    through 

the  ordinary  vacuum  produced  by  the  which  the  passage  of  the  electricity  la 

air-pump,  the  passage  of  electricity  is  effected. 

rendered  sensible  by   streams   or   co-  (92.)  The  sound  which  accompanies 

lumns  of  diffused   light    occasionally  these  various  modes  of  transference  ia 

varying  in  their  breadtn  and  intensity,  sul)ject  to  corresponding  modifications, 

and  exhibiting  movements  which  give  dependent  likewise,  no  doubt,  upon  the 

them  a  mark^  resemblance  to  the  co-  degree  and  the  suddenness  of  the  im  * 

ruscations  of  the  AiuroraBorealis.  After  pulses  given  to  the  air.  The  full,  short, 

rarefying  the  air  contained  in  a  glass  and  undivided  spark  is  attended  with  a 

jar,  about  one  foot  long  and  eight  inches  loud  explosion  -  the  more  lei^thened 

m  diameter,    to    the  500th  part,  Mr.  i^ark,  with  a  sharper  snap,  which  be- 

Smeaton  placed  the  jar  upon  a  lathe,  comes  more  broken  and  rattling  in  pro 

and  caused  it  to  revolve  rapidly,  whilst  portion  to  the  distance  it  has  to  traverse, 

at  the  same  time  he  rub])cd  it  with  his  The  luminous  streams  produced  by  a 

hand.    A  considerable  quantity  of  lam-  succession  of  minute  spancs  are  scarcely 

bent  flame  appeared  under  liis  hand,  productive  of  noise,  but  are  accompa- 

variegatcd  with  all  the  colours  of  the  nied  only  by  a  faint  rustling  sound,  like 

rainbow.    The  light  was  steady ;  but  that  of  a  stream  of  wind  through  a  nar- 

every  part  of  it  was  constantly  changing  row  chink. 

colours.    When  a  very  perfect  vacuum  (93.)  A  peculiar  odour  has  some- 

is  made  in  a  glass  cylinder  covered  with  times  been  perceived  in  the  neighbour- 

a  brass  plate,  the  electric  stream  will  hood  of  an  electrical  machine  which  has 

pass  between  it  and  the  plate  of  the  re-  been  briskly  worked,  so  as  to  emit  for 

ceivcr  of  the  air-pump,  in  a  continued  some  time  a  great  number  of  sparks ; 

stream  of  the  same  size  throughout  its  and  it  has  been  thought  to  resemble 

whole  lenfi:th.  If  a  Torricellian  vacuum  that  of  phosphorus.    This  is  also  i>n>« 

he  formed  in  the  upper  portion  of  a  long  bably  owing  to  some  unknown  chemical 

bent  glass  tube  filled  with  mercury,  and  decomposition  effected  by  the  electricity 

inverted,  by  placing  the  legs  of  the  bent  during  its  passage  through  the  air. 

tube  in  separate    basins  of   mercury,  (94.)  We  have  already  had  occasion 

when  electricity  is  transmitted  through  to  remark  the  great  increase  of  inten- 

thc  tube,  light  is  seen  to  pervade  the  sity  which  the  electric  fluid  acquires  at 

vacuum  in  a  continued   arch  of  lam  the  extremity  of  all  elongated  parts  of 

bent   flame,  without   the   least    diver-  conducting  bodies ;  and  the  indefinite 

gency.  augmentation  of  this  intensity  which 

(91.)   It  was  natural  to  suppose,  be-  takes  place  at  the  apex  of  all  projecting 

fore  suflicient  consideration  had  been  points.    This  high  intensity  will  neces- 

bestowed  upon  the   subject,   that  the  sarily  be  accompanied  with  a  iwwerfid 

light  which  appears  during  the  passa^  tendency  in  the  fluid  to  escape  ;  a  cir- 

ot  electricity,  was  actually  the  electric  cumstance  which  furnishes  a  natural 

fluid    itself,    which,    at  some  certain  and  exact  explanation  of  the  rapid  dis 

dttgree  of  accumulation,  was  in  itself  sipation  of  electricity  which  takes  place 

luminous ;  and  such  was  the  notion  en-  from  all  bodies  of  a  slender  and  pointed 

tcrtained  by  the  early  electricians.     But  form. 

since  we  know  that  common  atmos-  The  following  experiments  illustrate 

phei-ic  air  becomes  luminous  by  violent  tliese  positions.    I^et  the  insulated  con 

compression,  and  we  must   also  pre-  duct  or  of  a  machine  be  furnished  with 

suinc  thfit  electricity  exerts  a  very  sud-  a  pair  of  pith-balls,  susi^cnded  by  a  fine 

den  and   powerful  pressure  upon  the  wire,  and  charged  with  either  species  of 

airb^  its  passage  through  that  resisting  electricity;  the  divergence  of  the  balls 

niedium,  we  are  certainly  justified  in  will  indicate  the  presence  and  decree  of 

drawing  the   inference  that  the  same  this  electricity.    If  a  metallic  rod  with 

phenomena  proceed  in  both  cases  from  a  ball  at  one  end  t>e  held  in  the  hand. 


xucTtttotn. 


udSielMnpnMntedtothBMiltdiiator,  in  a  AneHoa  appprita  U  fliU  M  flU 

takhw  Mn  not  to  brii«  it  BnOnntly  sttMin ;  utd  OiU  tkUns  plsM  at  HB  Ml 

Mar  To  draw  a  naA,  the  balb  win  be  four  points,  the  vtiolv    ajratedl  «■ 

|;rt  BtOe  afltated,  and  their  dWer^eDce  rarolT*  baekwuili  with  eodndmiltfa 

Tha  i 


irdWoKeDce 
win  continne  tar  a  conaideralde  linie. 


tnilndof  a  ball,  and  the  point  be  pre-    irtueh  thU  experimeiit  WMy  be  biadh 

■ariedtoHweonduetta-atQieiamedia-    Two  wirei,  (^- "->■'"  ■t'*((''*d  li 

taaee  aa  ttw  ball  was  in  the  fbrmer  eaae, 

flte  deetraacope  will  imtnediatd)'  eol-  ^g-  tt. 

I^taoi  riunring  ttut  the  elec±rica]  ohai^ 

liaa  entire^  disa^ieared;  it  tias,  m 

ftet,  been  r^dly  drawn  off  h]r  the 

pointed  rod.   It  u  quite  imnutenal  to 

me  luoceti  of  the  experiment  whether 

W«  afflx  a  p<^  to  the  conductor  itadf. 


In&eluDd;  tlM  eac^  anddiapowon 
of  Uie  de^citj  t>eing  equalAr  pro- 
moted br  the  preaence  of  a  point,  whe- 

tho-the  fluid  be  giren  out  or  abaorbed ;  tlM  direction  of  a  ptane,  iBflVII^ 
Ibr  it  if  Maicelj  necetiaiy  to  remark  cHned  to  ttie  hoilton,  betwwa Tb»  i^ 
tint  (be  TOT  same  Itind  of  reasoniiw  snlating  irillan.  Aeroat  tbeiB  wht^ 
ap^iea  eqnalhto  both  the  potttire  and  another  wii«  ia  made  to  raat,  tMU; 
negatiTeeoadttioniofelectncltf.  nating  t^imall  ball*  at  eadioidtHll 

(M.)  CmtBita  of  air  always  Bceom>  havii^  a  cro»  «ire  fixed  to  It  il  lUt 
panj  v»  ^aehar^  of  electrfdty,  wlie-  angles,  vithtwo  bent  pc^ta,  aa  iB  n*' 
ther  positive  or  negative,  from  pointed  fonner  experiment.  When  thit  qraWi 
Ivodiea  j  for  each  particle  of  air,  as  soon  ia  electrtfted,  the  dspernon  of  the  Aa- 
as  it  has  recdvH  ita  electricity  from  tridt^  from  the  pt^ita  prodnoea  a  te- 
the  point,  ii  immediately  repelled  by  the  voluHon  of  the  Bars,  which  makes  tha 
body.  These  currents  tend  powerfully  transverse  bar  roll  up  the  inclined  plane, 
to  increase  the  dissipalion  of  the  «lec-  An  apparatua  consisting  of  wins  ter- 
tricity.  by  bringing  in  contact  with  the  minatinz  in  points,  and  having  baUi 
pmnt  a  continued  succession  of  pHriicles  annexed  to  them  to  represent  the  plancta, 
of  air,  that  are  not  yet  electrified,  and  may  be  constniried  so  as  to  revolvi 
arc,  therefore,  ready  to  receive  a  cliarKe.  when  elet^rtfied ;  and  thus  to  imitate  the 
Man^  Eunusing  experiments  are  founded  planetary  motions.  Such  an  apparaliu 
on  this  principle.  I.et  two  cross  wires,  has  twen  called  an  dectrical  orrery. 
^^.21.)  Uic  ends  of  nhich  terminate  in  (9C.)  It  should  be  observed,  how- 
ever,  that  a  point  loses  its  power  of 
Fig.S\,  concentrating  and  dispersing  clectrio^ 

when  it  is  surrounded  by  other  paiti 
of  ilie  conducting  body  which  an 
equally  prominent ;  as  when  it  is  placed 
between  two  balls,  or  inclosed  in  a  tube, 
or  when  it  does  not  rise  al>ove  the  ge- 
neral surface  of  the  t)ody.  Hie  CRCl 
pomla,  l)ent  in  a  similar  direction  with  of  one  point  is  much  diminished  evM 
respect  to  the  axis,  \x  supported  \)y  bythe  vicinily  of  Rnotherpoint;  so  Uut 
means  of  a  cap  upon  a  fine  point,  and  if  several  points  placed  near  each  olhv 
electrified  liy  being  placed  upon  the  be  presented  to  the  conductor,  the  ell^ 
prime  conductor  of  a  machine.  Each  tricity  is  drawn  off  much  lesa  nqri^, 
of  the  points  will  give  off  a  stream  of  and  will  be  transferred  by  spaiiu  IB- 
electricity:  this  wtll  remove  a  part  of  stead  of  formii^  a.  continued  atream. 
the  pressurewhich  the  fluid  would  have  <37.)  When  the  transferor  eleetii- 
exerted  on  that  side  if  no  efflux  had  city  takes  place  between  smooth  aurftoi 
taken  place;  but  as  the  uressure  of  the  of  a  certain  extent,  no  ditEtsreDoe  eaalM 
fluid  on  the  opposite  side  of  the  wire,  perceived  in  the  nature  and  appeenB 
in  the  opposite  direction,  still  operates  of  the  spark,  whictiever  be  the  poaiB' 
in  fhll  fbrce,  the  wire  will  be  impelled  of  the  negative  sur&se.  But  in  i 
in  On  direction  of  that  force,  that  ia,    pawage  of  eleotiidtj  thiongti  pali 
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;ffect  is  considerably  modified  by  projectile  velocity  as  fo  prevent  their 

pecics  of  electricity  with  which  the  Bpreoding  out  beyond  a  certain  distance 

:s  are  chsrped  ;  or,  in  other  words,  from  the  direct  luie  of  projection.    But 

edirectioninntiichthcfluidmoves.  this    very   velocity  will   carry  the  par- 

n  tile  eleclriu  fluid  is  escaping  out  Iicles   that   happen   to    have    deviated 

poiTiled  conductor,  the  hiininoiis  must,  somewhat  lieyond  the  point  to 

arance  isthatof  divei^ngslreaius,  which  they  are  attracted:   while  the 

■('I.resented   in   j!^.    2,'i ;    foiniinK  attraction  1o  tliis  iattcr  point  will  tend 

IS  termed  Sipemd  0/  lixkl,  and  to  deflect  them  from  the  line  of  their 


Fig.  23. 


attraction  by  very  different  paths,  and 
some  even  by  a  retroi^ade  motion. 
Hence,  while  in  the  first  u:-    ■'  --  ' 


the  point  like  the  rays  of  a  star.  The 
annexed  diagram,  fg.  24,  will  suffi- 
ciently illustrate  this  explanation  by 


— .-...  ^         .^^^^y^---^^)  )  J   ^ 

ng  a  resemblance  ~^^v:-yS-'{^"-'.zi'.-:'^i-' )  ^  '\ 

if  any   streams  '''^■^'}}-'-'-\v}}.-Tl'''   J 

ised  like  radii,  and  ""    ''~ 


iblin;;   the  filaments  of   a  brush,  F'g-  24. 

I,  on  the  coutrary,  the   electric  ..'-- 

IS  enleriiii^  into  the  pointed  body, 

iht  is  much  more  concentrated  at 

oinl  itsi'lf,  havinir  a 

War,   in  which,    if 

.r,  they  are  di.sposcd  like  radii,  and 

lysoini^ldii-ections.  An  approach 

se  dim-rent  mudittcations  may  be  representing;  the  supposed  course  of  the 

■had  when  sparks  pass   between  particlesof ek'clriclluid.passinRthrough 

of    small  diameter,  especlahy  if  the  air  from  the  positive  (o  the   nepa- 

lar^  is  high.     Thus  the  direction  five    point.    What   weiglit    the    arpi- 

e  latorid    ram ifical ions   sent  out  ment  derived  from  this   phenomenon 

Ihe  principal  lino,  in  the  branched  mav  be  allowed  in  dcci<linK  ihe  (question, 

,  Ji/(.  20,  is  from  the  positive  to  will  be  discussed  in  ihe  sequel, 

rgative  Huiface,  (90.)    The  difference  which  we  have 

.)     In  deseribin;;  the  above   ap-  now  described  in  these  two  appearances, 

[ices,  we  have,  us  u^ual,  referred  may  be  employed,  on  many  occasion.*, 

J   hypothesis  of  Franklin :  but  if  as  a  usef\il  criterion  of  the  species  of 

lopt  that  of  the  two  eieclridlies,  electricity,  at  least,  which  is  passing 

.ve  onlv  to  consider  the  appearance  from  one  conductor  to  another,  it  not  of 

pencil  of  licht  a.1  arising  from  Ihe  the  absolute  direction  of  ils  motion.  For, 

c  current  of  Ihe  vitreous  clectricily  if  a  needle  Ije  presented  to  an  electrified 

^  from  the  point,  and  of  the  rest-  body,  llie  apnearance  of  a  star  on  the 

electricity  passing  into  it :  while  needle  will  show  that  Ihe  electricity  of 

tr  will  l>e  the  elTccI  of  the  irruption  that  body  is  {lo^tivc ;  while,  on  the  con- 

>  resinous,  and  the  absorption  of  trury,  a  luminous  bnish  on  the  needle 

Ireous  electricities.     But  tliis  re-  will  indicate  that  Ihe  body  is  negative, 

ible  difference  in  tlie  phenomena  (100.)    The  influence  of  a  point  pro- 

ced,  according  to  the  prticular  jectiti^^ashort  dislaiKC  froniihe  surface 

■s  of  electricity    with  which  the  of  a  body,  is  greater  w lien  that  body  is 

ischarjted,  has  always  been  urged  neEalivclhanwhenit  isposilive.  Hence, 

onviiiciug  argument  in  favour  of  a  spark  is  more  readily  obtained  in  the 

'ranklinian  theory.    Tliey  appear  latter  case  than  in  the  foi-mer. 

ilron>;ly  (o  indicate  the  emanation  On  this  principle  an  insti-umcut  has 

ne  material  fluid  from  the  positive,  been  invented  by    Mr.  Nicholson   for 

s  reception  by  the  negative  point,  dislinfjuisliinir  Ihe    neeative   from   the 

liverging  lines  on  the  one  side,  and  positive  electricity.     It  eonsistn  simply 

infleelions  on  the  other,  repiesent  of  two  metallic  balls  fixed  at  Ihe  cuds  of 

ly  the  paths  of  particles  flowing  two  curved  rods  of  glass,  and  moveable 

t  from  a  pipe,  and  urged  forwards  like  Itranelies  on  a  joint,  so  as  to  admit 

force  which  gives  ttem  such  a  of  tlw  balls  Wing  placed  at  difTerent 
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diifiiiwifrom<idiottier,iffaenhddby  fluid  aoonaniklad  *tt  the  tchmi 

ahaadfeproeeediiiglhmtfaejoiiit    A  wiU  Jott  balanee  flw  imbkiD 

dhortpoMpniiwUfttn  one  or  the  balls  fluid  m  the  eleebnc»  added  to  the 

on  the  aide  adjaetnt  to  the  other  ball;  tion  of  the  uuder-aidnrated  matin 

and  this  point  aflbrds  a  spark  at  a  near  end;  and  whoi  tlua  fiuut  h 

diorter  distance  when  positiTeljr,  than  attained,  the  flow  of  electric  flu 

when  negative!/  deetrined.  the  near  to  the  remote  end  of  tl 

n^  cease,  and  an  equilibriom 

established. 

Ghaftsr  VII.  (10*2.)  Experiment  shows  the 

n— rniiMJHf  n/i&^  r>M«  «/  nuLu>*i^  coincidence  of  theoiy  with  the 

DmMtopmaUqfih€LawqfInAu*ixm.  ^^^   Let  ac^Under  of  metal,  N 

(101.)    Ws  haye  next   to  trace   the  fig.  25,)  of  some  len^,  witb  i 

eonsMfuences  of  that  important  law  of  ends,  and  fbmished  m  diffiaien 
eketnoibr  which  has  been  called  the 

Law  of  Inductioni  Fig.  25. 

Aetire  electricity  existing  in  any  sub-  ^v                         ^ 

stance  tends  always  to  iuauce  the  op-  Kj^^   KfiEiHBESSB 

porite  electrical  state  in  the  bodies  that  oBJ^pv    ^^■^■NhHI 

are  near  it    Now  it  is  impossible,  as  ^|^r     /\  i\    U    /i  . 

we  have  already  seen,  to  mduoe  one  ^            4a 
electrical  state  m  any  body  without  at 

flw  same  time  produdng^  ttie  opposite  with  pairs  of  suspended  pith-b 

state  in  the  same  body,  or  in  the  one  serve  as  electroscopes,  bein^  pre 

whioli  is  immediately  contiguous.    Ac-  insulated,  be  placed  in  the  vicinH 

eotding  to  the  simpler  theory,  the  accu-  electrified  globe  of  glass,  E,  taku 

nnilation  of  electricity  in  any  one  part  that  it  be  not  suflidently  near  to 

can  be  effected  in  no  other  way  than  l^  any  quantity  of  elecbricity  by  tr 

withdrawing  it  firom  another  part,  nor  ence. 

can  it  be  aSsbracted  from  the  one  with-  We  sliall  find  thai  evay  piur  o 

out  being  received  by  another;  so  that  except  those  situated  in  a  pai 

there  is  uways  an  equal  de^ppee  of  nega-  plane  Mm,   about  the  middle 

tive  as  of  positive  electricity,  and  vice  cylinder,  will  immediately  divenn 

vend^  in  eveiy  case.    According  to  the  eating  the  electrical  states  of  th 

more  complex  theory,  if  we  decompose  from  which  they  are  suspended, 

the  natural  electricities  residing  in  any  at  either  extremity  of  the  bod] 

body,  we  must  at  the  same  moment  ob-  diverge  the  most ;  and  the  dive 

tain  equal  quantities  of  both  the  vitreous  dimimshes  as  we  approach  the 

and  resinous  electricities.    It  foUows,  plane  before  mentioned,  at  whi 

therefore,  that  if  Uie  bodies  subjected  to  body  is  in  the  natural  or  neutral 

the  inductive  influence  are  non-conduc-  The  position  of  this  plane  of  neu 

tors,  although  the  tendencv  to  produce  Mm,  varies  according  to  the  dist] 

the  opposite  electricity  still  exists,  yet  the  electric,  and  the  relation  whii 

in  consequence  of  the  immobility  of  the  distance  bears  to  the  length  of  th 

fluid,  it  can  produce  no  visible  change,  itself.    Ifwe  further  examine  Uie 

In  proportion  as  the  l>ody  opposes  less  of  electricity  residing  in  the  di 

resistance  to  the  passage  of  electricity,  parts,  we  shall  find  it  to  l)e  nega 

the  operation  of  the  disturbing  force  al^  the  parts  nearer  to  the  electri 

becomes  sensible ;  and  in  order  to  fix  the  neutral  plane,  and  positive 

our  ideas,  let  us  first  take  the  case  of  those  more  remote.    We  may  as 

a  positively  charged  electric,  acting  by  with  much  greater  accuracy  Ihes 

induction  on  an  insulated  conducting  trical  states  by  the  employment 

body.    The  redundant  fluid  in  the  for-  proof  plane  and  electrometer  d 

mer  wiU  tend  to  repel  all  the  fluid  con-  lomb,  than  by  the  pith-balls ;  a 

tained  in  the  latter :  a  portion  of  this  results  are  then  found  to  com 

fluid  will,  therefore,  be  oriven  from  the  with  the  most  rigorous  precisioi 

side  adjacent  to  the  first  body,  towards  the  deductions  firom  the  theory  < 

the  remoter  side.     The  adjacent  side  trical  action, 

will  thus  be  rendered  ne&ative ;    the  (103.)    These  effects,   it  she 

remote  side,  positive.   But  this  will  take  remarked,  are  simply  the  result 

plaee  to  a  certam  extent  only :  fbr  there  action  of  dectricity  at  a  distan* 

u  a  limit  at  which  the  repubion  of  the  they  depend  upon  no  otheroironn 
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They  take  place  in  an  equal  degree  distant  from  that  body  begin  to  col- 
whatever  Bomtance  be  interposed  be-  lapse,  while  thow  at  the  nearer  side 
tween  the  bodies  which  are  exertins  this  diverge  to  a  greater  degree  than  before ; 
action  on  one  another,  provided  the  thus  shewing  the  nature  of  the  reflex 
intetposed    sul)8tance    undergoes     no  operation  of  the  induced  electricitv  of 
dian^  in  its  own  electrical  state;   a  the  conductor    upon  the   body    from 
condition  which  is  fulfilled  in  electrics  which  the  induction  originated, 
only.    Thus,  induction  will  take  place  (105.)  It  should  be  recollected  that  in 
^ust  as  effectually  through  a  plate  of    all  the  changes  we  have  thus  traced  as 
glass,  as  if  no  such  substance  had  inter-  the  effects  of  induction,  there  has  been 
vened.  no  transfer  of  electricity  from  either  of 
(1 04.)    Let  us  now  suppose  that  the  the  bodies  to  the  other ;  as  was  suffi- 
acting  body,  E,  is,  instead  of  an  electric,  ciently  proved,  indeed,  by  their  taking 
m  conducting  body,  a  globe  of  metal,  for  place  equally  it* a  plate  of  glass  be  inter- 
example,  charged  with  positive  elcctri-  posed.    Another  proof  is  afforded  by 
city.    The  primary  effects  of  this  globe  the  circumstance  that  the  mere  removal 
on  the  cylinder  will  be  the  same  as  in  of  the  bodies  to  a  distance  from  one 
the  former  case ;  but  the  electrical  state  another,  is  sufficient  to  restore  each  of 
vrhich  the  globe  has  induced  on  the  them  to  their  ori^nal  state.    The  glol)e 
cylinder  will  re- act  upon  its  own  electri-  remains  as  positively  electrified  as  be- 
city.    The  negative  electricity,  that  is,  fore ;  the  cylinder  returns  to  its  condi- 
the  under-saturated  matter  at  the  nearer  tion  of  perfect  neutrality ;  nothing  has 
end  of  the  cylinder  N,  exerts  a  tendency  been  lost,  and  nothing  gained  on  either 
to  induce    positive    electricity  in   the  side.    The  experiment  may  be  repeated 
globe,  and  more  especially  upon  tlie  as  often  as  we  please,  without  any  varia- 
adjacent  side,  F  :  that  is,  it  will  tend,  by  tion  in  the  phenomena.   But  this  would 
its  attraction  for  the  fluid,  to  draw  it  to  not  be  the  case  if  the  cylinder  were 
that  side,  and  thus  render  it  still  more  divided  in  the  middle,  and  one  or  both 
highly  positive  than  it  was  before.  This  of  the  parts  were  removed  separately, 
can  only  be  done  at  the  expense  of  the  while  tncy  still  remained  under  the  in- 
other  side,  O,  from  which  the  fluid  must  fluence  of  the  |lobe.    The  return  of  the 
betaken,  and  which  is,  therefore.rendered  electric  fluid  from  the  positive  to  the 
less  charged  with  fluid,  that  is,  less  po-  negative  end  being  thus  prevented,  each 
titive  than  before.    But  this  newdistri-  part  will  retain,  after  its  separation,  the 
bution  of  the  electric  fluid  in  tlie  globe,  electricity  which  had  been  induced  upon 
by  increasing  the  positive  state  of  the  it-    The  nearer  portion  will  remain  ne- 
•ide,  F,  next  to  the  cylinder,  tends  to  native ;  the  remoter  portion,  positive, 
augment  its  inductive  influence  on  the  If  the  division  had  been  in  three  parts, 
fluid  in  the  cylinder ;  that  is,  to  drive  the  middlepart  only  would  have  been 
an  additional  quantity  of  fluid  from  the  neutral.    The  experiment  may  be  made 
negative  to  the  positive  end.    This  is  by  joining  two  or  more  conductors  end- 
foUowed,  in  its  turn,  by  a  corresponding  wise,  as  shown  in  fig»  26,  so  that  they 
reaction  on  the  globe,  and  so  on,  con- 
stituting a  series  of  smaller  adjustments,  Fig,  26. 
until  a  perfect  equilibrium  is  established  ~~ 
in  every  part.     When  this  has  been 
attained,  the  electrical  states  will,  it  is 
evident,  be  of  the  same  kind  as  those 
consequent  upon  the  immediate  actions, 

tliough  somewhat  increased  in  intensity  may  act  as  a  smglo  conductor  when 
by  the  series  of  reactions.  placed  near  to  the  electrified  glol)e,  and 
The  following  experiment  is  a  practi-  after  induction  has  thus  been  produced, 
cal  illustration  of  the  preceding  reason-  removing  them  separately,  and  examin- 
ing. Furnish  the  metallic  globe  with  ing  their  electrical  states.  If  £  be  po- 
electroscopes  on  its  opi>osite  surfaces ;  sitive,  N  will  be  found  negative,  P  po- 
vrhen  the  j^lobe  is  insulated  and  alone,  sitive,  and  M  neutral, 
•ny  electricity  communicated  to  it  will  (106.)  Another  modification  of  effect 
clitfuse  itself  equally  over  the  surface,  will  take  place  when  an  insulated  con- 
•nd  both  tlie  electroscopes  will  diverge  ductor,  rendered  electrical  at  both  ends 
equally  But  no  sooner  do  we  bring  by  induction,  is  made  to  communicate 
near  to  it  a  conducting  body,  than  thi  with  another  conductor.  I^t  us  first 
balls  of  the  electroscope  at  tlie  nde  most  suppose  that  a  long  metallic  conductor 
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is  broiiEcht  into  contact  with  the  remote  will  readily  become  active,  if  the  eon- 

end  of  the  iiist  cylinder  P,  ( /?^.  2")),  ductor  that  has  been  touched  be  agiiin 

wiiich  has  been  rendered  positive  l)y  in-  insidated,  and  then  removed  from  tiie 

duction.    The  fluid  accumidaled  at  this  intluence  of  the  fonner.    Tliis  i>ecidiar 

end  will  now  pass  into  the  conductor,  condition  of  a  body,  in  which  its  parts 

and  will  remove  to  the  most  distant  part  are  really  undercharged  or  overchar^ 

of  the  con(hutor.    The  transit  will  now  with  fluid,  although,  from  the  action  of 

take  place  before  actual  contact,  and  electrical  forces  derived  from  1>odies  in 

will  be  manifest  I'd  by  the  appearance  its  vicinity,  a  state  of  equilibrium  is 

of  a  spark  when  the  bodies  are  brought  established,  and  no  visible  effect  results, 

within  the  strikinjr  distance.    The  re-  has   been  denominated  by    Biot,  dit- 

nioval  ot  this  fluid  to  a  /jjeater  distance  guised  electricity, 

will  occasion  a  disturbance  in  the  equi-  (108.)  It  is  also  worthy  of  remark, 

librium  that  had    before    been   est  a-  that  if  the  communication  between  the 

bUshed.  The  repulsion  which  that  fluid  insulated  conductor  and  another  longer 

had  excited,  and  whieh  had  contributed  conductor,  or  the  earth  itself,  be  moite 

to  pi-event  any  more  fluid  from  bcinij  at  cither  end  of  the  former,  the  same 

propelled  from  the  ne;;^ative  end  N,  is  ctfect  will  resiUt,  and  the  electric  fluiil 

now    considerably  weakened    by     the  accumulated  at  its  remote  end  will  be 

greater  distance  at  whii-h  it  acts;  and  carried   ott'  by  the  longer    conductor, 

more  fluiil  will  leave  the  negative  end,  although,  it  will  have,  in  one  case,  to 

which   entl   will  conseciuently  become  pass  round  through  the  end  nearest  to 

more  hijc^hly  negative.    This  chaue:e  of  the  body  which  repels  it.     The  oi)era- 

distributioii  will  acjain  occasion  a  further  tion  which  here  Uikes  place  may  be  il- 

ettect,  by  its  reaetiim  on  tlie  fluid  in  the  lustratcd  by  the  motion  of  a  fluid  in  a 

globe  wlience  the  action  originally  pro-  syphon.     A  repulsive  force   is  actim; 

ceeded ;  and  anotlier  series  of  changes  upon  the  fluid,  both  in  the  shorter  anJ 

and  adjustments  \Nill  follow,  until  a  new  the  longer  column ;  but  with  regard  to 

condition   of  eciuilibrium  takes  place,  the  motion  of  the  fluid  in  the  bent  chan- 

antl  then  ihe  fluid  will  be  at  rest.  nel  the  one  force  is  in  opposition  to  the 

(107.)  Thus  we  learn  that  the  effects  other,  and  the  tendency  of  the  fluid  in 

of  iiuliu'tioii  on  a   e()nfliK-tv)r  arc  aug-  the  lonirer  column  prevailing  over  that 

montcd  by  increasing  its  length;   they  iu  the  shoiier,  \\'ill  draw  ott"  the  latter, 

woull,  therefore.  1-e  ^rcate^t  of  all,  if  round  the  bend  of  the  supposed  syphon. 

we  could  give  it  iniinile  lemrth  :  but  the  Thus  in  the  bent  conductor  A  N  j^  ( fiz. 

same  condilinu  is  attainable  by  placing  27,),  the  repulsion  exerted  l)y  the  fluid 

tlie  conductor  in  conimnnicalion  wilii  in  K  for  that  in  the  longer  column  N  P, 
the  earth,  u  Inch  will  accordinirly  cany 

off  all  the  fluid  which  the  electrilied  Fig.  27. 
body  is  capable  of  expellini;  iVoni  ihe  t. 
nearest  end.  Accordingly,  if  we  touch  _ 
with  the  finger,  or  with  a  nietallic  roi!  f . '  '{*>l\  ^<^^TIL=.IDa 
held  in  the  hand,  the  remote  end  of  an  \&  ■k>i''"%?''Sy  ^'Ws, 
msulated  conductor  under  the  influence  ^(iSiL 
of  induction,  we  obtain  a  sjiark,  more 
or  less  vi\id  aeconling  to  tiie  intensity  bdng  greater  than  its  repulsion  for  that 
of  the  electricity  so  induce.! :  and  the  in  the  shorter  cohnnn  N  A,  the  fluid  in 
conductor  so  touched  has  now  only  one  A  will  be  earned  over  the  bend  N,  not- 
kind  of  electricity,  namdv,  llie  one  op-  withstandiui:  its  tendency  to  move  from 
posite   to   that  uf  the   eiectiilied   bo»ly  X  towards  A. 

which   is   actinir  ui)on   it.      The  part  (i(i!».)    We  have  hitherto  supposed 

touched  is  brou-ht  into  a  state,  in  whicii  the  acting  bodv  to  be  positively  eleeiri- 

itai)pears  to  be   neutral  as   Vnvji  ;\s  it  lied;    but    preciselv  the    same   eftV-cts 

remamsm  the  vicinity  of  the  electrified  ^vouM  happen  with  reiranl  to   de-n?o. 

body;  because  the  actions  of  the   re-  althouuh  (opposite  as  to  the  species  nf 

dundant  fluid,  and  unsaturated  matter  eleetricitv,it  it  had  been  nogativdv  eU- 

m  the  two  bodies,  exactly  balance  one  fritied  ;  and  the  same  explanations  will 

another.    I3ut  it  all  the  while  really  con-  in  eveiv  nspect  applv,  wit  n  the  roquisiv 

tains  less  fluid  than  its  natural  share,  in  substitution  of  tlie  'terms   ne-ative  U 

conseciuenee  of  the  repulsive  tendency  positive,  and  of  attracti.m  for  n-pulsion.  , 

of  the  fluid  in  the  body  v  Inch  produces  and  vice  rerxtl.     A  little  rettcclion  will  ? 

the  induction  j  and  tliis  negative  stale  also  easily  show  the  application  of  the 


ELECTRICiry.  SI 

llieoiy  of  the  double  deetricitiea  to  ex-  desi^ated  by  the  term  diiguued  eke^ 

plain  the  same  phenomena.  trietty, 

(110.)  Another  consequence  of  the        (112.)  In  proportion  as  the  interrupt 

induction  of  electricity  must  not  be  over-  tions  to  the  continuity  of  the  line  of 

looked,  namely,  that  the  bodies  between  conductors  are   more    numerous,  the 

which  it  takes  place,  necessarily  attract  more  nearly  will  such  a  system  ap- 

one  another :  for  tlic  action  of  tne  adja-  proach  to  the  condition  of  an  imper- 

ccnt  sides  F  and  N  ( Jig.  25),  which  are  fectly  conducting  body.  The  same  prin- 

brouf^ht  into  opposite  electrical  states,  ciple  admits  of  being  extended,  with 

is  greater  than  the  action  of  those  sides  some  modifications  indeed,  to  the  con- 

which  are  in  the  same  electrical  states,  stitution  of  electrics  themselves,  as  we 

F  and  P,  and  which  are  more  distant :  shall  have  occasion  to  notice  in  the 

hence  the  attractive  force  always  exceeds  sequel, 
the  repulsive.     We  have  already  seen 
that  tnis  circumstance  sufficiently  ex-  Ohaptsr  VIII. 

plains  the  fact  that  conducting  bodies,  j^,^,,r^*,\,„  ^r  m^t^^i*..  lu 

previously  neutral,    are  attracted    by         Accumulation  of  Electricity  by 
electrified  bodies.    Another  fact,  which  JnOuctton. 

appears  more  singular,  and  which  can-  (113.)  Thr  most  important  application 

not  be  accounted  for  on  any  other  prin-  of  the  principle  of  induction  is  that  by 

ciple,  is  also  a  direct  consequence  of  which  a  vast  accumulation  of  electricity 

the  law  of  induction.    If  a  small  body  is  obtained  in  a  small  space,  while  its 

weakly  electrified,  be  placed  at  a  dis-  intensify,  or  tendency  to  escape,  is  at 

tance  from  another  and  a  larger  body,  the  same    time    rendered    exceedingly 

more   highly    charged  with  the  same  small.     This  condition  exactly  corre- 

species  of  electricity,  it  will,  as  us\ial,  sponds  to  that  which  has  been  termed 

DC  repelled;    but    there  is  a  certain  Mguited electricihj . 
distance  within  which  if  it  Ikj  brought,        (114.)  Let  two  circular  metallic  plates 

attraction  will  take  place,  instead  of  re-  P  and  N  (J^g.  28),  be  placed  the  one 

pulsion.    Tliis  hapf)ens  in  consequence  immediately  over  the  other,  but  sepa- 

of  the  inductive  influence  producing  so  rated  l>y  a  non-conducting  medium,  such 

great  a  change  in  the  distribution  of  as  the  air,  or,  what  is  still  better,  a  plate 

electricity,  as  to  give  a  preponderance  of  glass.  Let  the  upper  one  P,  commu- 
te the  attractive  forces  of  the  adjacent 

parts  of  the  two  bodies,  over  the  repul-  Plg,  28. 

live  forces  that  take  place  in  the  other 
parts,  and  which  would  have  alone 
acted  if  the  fluid  had  l>een  immoveable. 
(111.)  From  the  principles  now  laid 
down,  it  will  be  easy  to  understand  how 
induction  may  oi)erate  through  a  suc- 
cession of  conductors,  which  are  all  of 
them  insulated,  except  the  last ;  and 
which  are  separated  from  each  other  by 
distances  greater  than  Uiat  at  which  a 

transfer  of  electricity  would  take  place,  nicate,  by  a  wire  M,  with  the  prime  con- 

If,  under  such  circumstances,  the  first  be  ductor  of  the  electrical  macnine  ;   and 

electrified,  alternate  states  of  opposite  let  the  lower  one  N,  be  insulated  by 

electricities  will  be  produced  in  tne  two  resting  upon  three   glass  su])porlers. 

ends  of  each  conductor  in  succession.  Let  P  be  charged  \\itli  a  certain  quan- 

In  all  the  ends  nearest  to  the  first  body,  tity  of  electric  fluid.      The  fluid  natu- 

the  electricity  will  l)e  of  the  opposite  rally  contained  in  N,  will  l)e  repelled  by 

kind  to  that  with  which  the  first  has  the  fluid  in  P,  and  will  quit  the  upper 

been  chargctl ;   in  the  other  ends  it  will  surface  of  N  in  order  to  occupy  its  lower 

be  of  the  same  kind  as  that  of  tlie  first  surface.    When  this  change  has  taken 

body.    The  vicinity  of  these  opposite  place,  let  N  be  touched  by  a  wire  W, 

electricities  will  tend  powerfully  to  re-  establishing  a  communication  between 

tain  them  in  that  condition,  and  will  it  and  the  ground.    All  the  fluid  which 

diminish  their  electric  action  on  sur-  was  accumulated  in  the  lower  surface 

rounding  l>odies.     A  large  portion  of  of  N,  will  be  cairicd  off  by  the  wire^ 

the  electricities  so   arranged  and  re-  and  the  whole  plate  will  U\us  be  ntwa- 

tained,  is,  therefore,  in  m  condition  tive,  or  undercharged  with  fluid.   Tha 
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redundant  matter  in  N  wdl,  hy  its  at-  ence  to  fluid  in  the  wire  M,  howiv«r» 
traction  for  the  fluid,  draw  more  of  it  the  action  of  the  redundant  fluid  in  P, 
into  the  upper  plate,  which  will  be  sup-  is  not  balanced  bv  that  of  the  unsatii* 
plied  from  the  conductor  of  the  ma-  rated  matter  in  N,  whidi  latter  is  both 
chine  through  the  wireM;  and  such  weaker  in  itself  and  more  distant.  Thus, 
an  additional  quantity  will  be  accumu-  while  N  is  neutral  with  respect  to  the 
lated  in  P,  as  will  balance  the  increased  conductors  which  touch  iC  P  is  in  a 
attraction  of  the  matter  in  N,  and  main-    sli^t  degree  active,  in  consequence  of 

tain  it  at  the  same  intensity  as  the  fluid  this  small  preponderance  of  force,  and 
in  the  prime  conductor.  That  this  is  a  portion  of  its  fluid  tends  to  escape, 
what  really  happens  will  be  rendered    Hence,  if  N  l)e  again  insulated,  or 

evident  by  placing  an  electroscope  upon  removing  the  wire  W,  and  the  wire  H 

the  prime  conductor ;  for  the  moment  be  now  made  to  communicate  with  the 

the  plate  N  communicates  with  the  ground,  this  portion  of  the  fluid  in  P 
ground,  the  balls  of  the  electroscope  will  pass  ofP  dv  it ;  but  not  any  larger 
collapse,  showing  that  the  intensity  of    quantity,  for  the  remaining  portion  is 

the  fluid  in  the  prime  conductor  is  sud-  retained  by  the  attraction  of  the  unsa- 

denly  reduced  by  the   great   quantity  turatcd  matter  in  N.    P  is,  by  this  loss, 

that  has  b^n  absorbed  by  the  plate  P.  rendered  neutral,  as  N  had  before  been. 

The  machine  must  now  again  be  set  in  and  it  now  no  longer  acts  on  the  fluid 

motion,  in  order  to  supply  the  electri-  beyond  it  in  M.    The  influence  of  P  on 

city  which  has  been  tlius  abstracted  that  fluid  is  greater  than  that  of  N  in 

from  the  conductor.    The  operation  of  respect  to  its  greater  vicinity,  but  less 

each  plate  on  the  other  may  be  con-  in  as  far  as  regards  the  intensity  of 

sidered  as  that  of  increasing  its  electri-  action,  and  the  compensation  is  exact 

cal  capacity,  or  of  rendering  a  lai^  But    under    these    circumstances,  N, 

proportion  of  its   electricity  latent  or  which  was  before  neubral,  becomes  in 

disguised.  its  turn  active,  and  now  that  the  repul- 

(115.)  It  is  evident  that  the  quantity  sion  of  tlie  fluid  in  P  is  diminished,  will 

of  electric  fluid  driven  out  of  the  lower  absorb  a  certain  nuantity  of  the  fluid  as 

plate  by  the  action  of  the  fluid  in  the  soon  as  it  is  touched  by  W,  after  P  has 

upper  one,  can  never  be  <juite  equal  to  been  again  insidated.    By  this  contact, 

that  of  the  fluid  with  which  the  upper  N  is  again  restored  to  the  neutral  state, 

one  is  itself  charged,  and  the  diiference  a  fresh  portion  of  fluid  in  P  is  released 

will  be  greater  in  proportion  to  the  dis-  from  the  attraction  of  N,  and  P  is  again 

tance  of  the  plates.      When  tliey  are  active.     By  repeating  these  alternate 

very  close  to  each  other,  these  two  quan-  contacts  a  sufficient  number  of  times, 

tities  approach  very  near  to  an  equality ;  we  gradually  deprive  the  plates  of  their 

and  this  circumstance  it  was  that  mis-  whole  charge  oi  electricity ;  alternately 

led  Franklin  into  the  belief  that  they  imparting  smidl  portions  to  the  negative 

were  actuallyr  equal.  plate,  and  taking  away  the  like  portions 

(116.)    The  capacity  for  accumula-  from  the  positive   one,  until  tngr  aw 

ting  electricity  corresponding  to  a  given  both  brought  to  their  natural  unekctii- 

intensity  in  the  upper  plate  depends  fled  state.  The  quantities  of  fluid  which 

upon  the  distance  between  the  plates,  are  thus  successively  added  and  ab-    t 

provided  always  that  the  intervening  stracted  were  found,  by  the  calculations    I 

electric  opposes  a  sufficient  obstacle  to  of  Laplace,  to  be  in  geometiical  pro- 

tlie    direct  transfer  of   the  electricity  gression. 

from  the  one  to  the  other;  and  is  in        (117.)    The  most  convenient  mode  of 

some    inverse  ratio  to  that    distance,  obtaining    the  accumulated   electricity 

Tlie  lower  plate,  N,  which  communi-  arising  from  induction  is  by  the  employ- 

cates  with  the  ground   by  the  wire  W,  ment  of  coated  s^lass,  that  is,  of  a  plate  of 

although  strongly  ne^^ative,  is  rendered,  glass,  on  each^side  of  whitrh  is  pasted  a 

by  the  vicinity  of  the  fluid  in  the  upper  sheet  or  coating  of  tin-foil    Care  must 

plate  P,  neutral  with  respect  to  fluid  in  be  taken  to  leave  a  sufficient  margin  of 

the  wire  W :  that  is,  the  attraction  of  glass  uncovered  by  the  metal,  for  prc- 

its  unsaturated  matter,  although  nearer,  venting  the  transfer  of  electrioity  fron 

is  exactly  balanced  by  the  ropulsion  of  tlie  one  coating  to  the  other  round  the 

tlie  redundant  fluid  in  the  upper  plate,  edge  of  the  glass ;  and  all  sharp  angH 

which,  although  really  stronger,  is,  from  or  ragged  edjjes  in  the  coatings,  should 

the  greater  distance  at  which  it  acts,  be  avoided,  as  thevliave  a  gi-eal  tendon^ 

only  equal  to  tlie  former.    With  refer-  to  dissipate  tlie  lifiargc. 


ELECTRICITY. 


33 


(118.)  The  following  experiment  of 
Professor  Richman,  (Ihe  philosopher 
who  fell  a  sacrifice  to  his  zeal  for  elec- 
trical science  by  a  stroke  of  lightning 
from  his  apparatus,)  is  very  instructive. 
Let  a  pane  of  glass  pLoced  vertically, 
and  seen  edgewise  in  fifr,  29.  be  coated 
on  both  sides,  and  furnished  with  two 

Fig.  29. 


small  electroscopes,  /?,  n,  consistmg  of 
two  pith-balls,  one  attached  to  each  of 
the  coatings.  Let  the  coating  P  be 
charged  positively,  while  the  coating  N 
IS  made  to  communicate  with  the  g:round. 
The  electroscope  p  will  stand  out  from 
the  plate,  and  n  will  hang  down  close 
to  its  coating,  as  long  as  N  communi- 
cates with  the  ground.  But  in  propor- 
tion as  P  loses  electricity  by  gradual 
dissipation  in  the  air,  the  ball  p  will 
gra<lually,  but  very  slowly  descend.  If 
we  now  insulate  N,  p  will  fall  down  at 
first  very  speedily,  and  then  more 
slowly,  tiU  it  reaches  9,  about  half  its 
first  elevation.  TLe  ball  n  will  at  the  same 
time  rise  to  nearly  the  same  height ; 
the  angle  between  the  two  electroscopes 
continuing  nearly  the  same  as  at  first. 
AVhen  n  has  ceased  to  rise,  both  balls 
will  v^iTw  slowly  descend,  till  the  charge 
is  lost  bv  dissipation.  If  we  touch  N 
during  this  descent,  n  will  immediately 
fkll  down,  and  p  will  as  suddenly  rise 
nearly  as  much ;  the  angle  between 
the  electroscopes  continuing  nearly  the 
same.  Remove  the  finger  U'om  N.  and 
p  will  fall,  and  n  ri.NC,  to  nearly  their 
former  places ;  and  the  slow  descent  of 
lK)th  will  iu;ain  recommence.  The  same 
thing  will  happen  if  we  touch  P,  p  will 
fall  down  cU)se  to  the  plate,  and  n  will 
rise  to  m,  and  so  on  ;  and  this  alternate 
touching  of  the  coatings  may  be  repeated 
some  hundreds  of  times  before  the 
pliite  is  entirely  discharged.  If  we  sus- 
pend a  crooked  wire,  bent,  as  shewn  atW, 
(  fifT,  29,)  having  two  pith-balls,  from  an 
insulated  point,  «,  above  the  plates,  it 
will    vibrate  with  great    rapidity,  the 


balls  striking  the  coatings  alternately, 
and  thus  restoring  tlie  e(iuilibrium  by 
^teps;  each  contact  being  attended  by 
a  spark. 

(119.)  If,  instead  of  this  gradual 
disch&rge,  a  direct  commua^cation  is 
madfi  between  the  two  coatings  by  a 
metallic  wire  extending  fi*om  the  one  to 
the  other,  the  whole  of  the  electric  fluid 
which  was  accumulated  in  the  positive 
coating  rushes  with  a  sudden  and  violent 
impetus  along  the  conductor,  and  passes 
into  the  negative  coating,  thus  at  once 
restoring  an  almost  complete  equili- 
brium, and  rendering  every  part  very 
nearly,  though  not  absolutely,  neutral ; 
for  as  there  must  always  be  some  sliglit 
difference  in  the  quantity  of  electrical 
charge  in  the  two  coatings,  where  one 
of  them  is  in  communication  with  the 
ground,  there  must  always  be  a  certain 
excess,  however  minute,  of  electricity, 
after  the  balance  has  been  struck. 

(1 20.)  This  sudden  transfer  of  a  large 
quantity  of  accumulated  electricity  is  a 
real  explosion ;  it  gives  rise  to  a  vivid 
flash  of  light,  corresponding  in  intensity 
to  the  magnitude  of  the  cliarge.  The 
effect  of  its  transmission  is  muc*!!  greater 
than  that  of  the  simple  charge  of  the 
prime  conductor  of  the  machine;  for 
while  the  latter  gives  a  spark  only,  the 
former  impails  what  is  called  an  electric 
shock,  and  the  sensation  it  produces 
when  passing  throiu|;h  any  part  of  the 
body  is  of  a  peculiar  kind.  We  shall 
describe  their  eifects  in  a  future  chap- 
ter ;  at  present  we  must  confine  our 
attention  to  the  purely  electrical  condi- 
tions of  the  phenomenon. 

(121.)  The  presence  of  the  coating  is 
not  aljsolutely  essential  to  the  charge 
and  discharge  for  the  two  surfaces  of  the 
glass  plate ;  for  if  the  glass  be  fur- 
nished with  moveable  coatings,  and 
charged  in  the  usual  manner,  upon  rt»- 
moving  the  coatings  (taking  care  that 
they  be  touched  only  by  electrics.)  the 
greater  part  of  the  electricity  will  be 
found  to  have  attached  itself  to  the  sur- 
faces of  the  glass  plate,  where  they  are 
retahied  hy  their  mutual  inductive  in- 
fluence. In  this  state  the  charged  plate 
of  glass  may  be  graduidly  discharged 
by  making  a  communication  between 
its  several  parts  in  succession.  It  can- 
not be  discharged  at  once,  for  want  of  a 
common  intermedium  for  the  siinulla- 
neous  transference  of  the  electricity  of 
the  different  parts  of  the  surfiice.  But 
if  this  be  supplied  by  replacing  the 
former  coatings,  or  ailding  new  ones 
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(122.)  Bv  peculiar  muitgement  a 
th*Tf^  mayEie  eiven  to  k  pUle  of  ^ass 
indrpRidenlly  of  any  cost inc  whatever. 
For  this  purpose,  it  must  De  held  by 
one  comer,  and  passed  before  a  ball, 
COtuiected  with  tne  prime  conductor  of 
a  machine,  so  that  it  may  successively 
come  in  contact  with  every  pari  of  the 
middle  of  the  plate  of  glass,  while  the 
fin)^,  or  any  condueline  Ixidy  commu- 
nicating with  the  ground,  is  hrld  oppo- 
ute  to  it  on  the  other  nde.  Thus  the 
^as*  trUl  be  chained,  and  will  be  in  the 
nine  state  as  the  glass  from  which  the 
coatings  had  been  removed. 

(123.)  We  olten  find,  a  short  time 
after  the  discharge  of  coaled  glass,  that 
it  hu  acquired  spontaneously  a  small 
charge,  producing  a  foint  spark  when  a 
•eeond  communication  is  made  between 
the  coating!  by  tlie  discharging  wire. 
This,  whkh  is  called  the  rm'f^wJ  charge, 
■rises  from  two  causes ;  first,  a  pottion 
of  the  dectrieity  adheres  to  the  un- 
eoated  aur&ce  of  the  glass:  and  se- 
condly, another  part  nas  penetrated 
firom  the  coating  for  some  little  depth 
below  iti  surface.  Both  these  portiona 
slowly  return  to  the  coolings  alier  lliey 
have  been  dei)rivMl  of  their  original 
charge,  and  give  it  a  fresh  choree. 
When  a  very  large  extent  of  coaled 
glass  j^  employed,  this  residual  cliariiG 
may  even  amount  to  a  considerable 
quantity,  and  the  experimenter  should 
be  cautious  not  to  expose  himself  to 
the  shock  which  he  might  thus  receive, 
if  he  insdverlentlv  touched  the  appa- 
ratus before  he  had  properly  discharged 
it.  That  charges  are  capable  of  pene- 
trating even  through  tlie  entire  uiick- 
ness  of  the  gla.ss  is  proved  by  the 
curious  fact,  that  a  coated,  cj'lindrical 
jar  may  be  discliatged  merely  by  keep- 
ing up  for  a  sufficient  time  a  continu- 
ance of  the  minute  vibrations  excited 
by  rubbing  it  with  the  finger,  or  by 
making  it  ring.  A  discliarge  may  also 
be  effected  by  heating  the  glass,  which 
renders  it  a  conductor  of  electricity 

(124.)  The  most  convenient  form  for 
coated  glass  for  experimental  purposes, 
is  that  of  a  cylinder  or  jar.  In  the  ear- 
lier  periods  of  electrical  research,  jars 
were  filled  with  water,  mercury,  or  u'on 
filings,  which  furnished  the  interior 
coatmg,  while  the  exterior  coating  was 
supplied  either  by  water,  in  which  tlie 
Jar  was  immersed,  or  by  the  hand  of 
the    operator,  who  for  that  puipose 


gnspedlheontndeofthejar:  «  rod  of 
metal  was  employed  to  communicate 
the  charge  from  the  prime  conducts  AT 
the  macmne  to  the  inner  coating.  On 
making  a  commumcation  between  the 
exterior  and  interior  coalings,  tiy  meani 
of  a  circuit  of  conducting  aublancei. 
the  discharge  took  place,  and  the  shock 
made  to  pass  through  the  circuit  thus 
(ormcd.  This  instrument  having  been 
made  known  principally  Ihrou^  tlie 
experiments  o(  Kleist,  Cuneus,  and 
Muschenbroeck,  at  Leyden,  the  name 
of  the  Leyden  phial,  or  jar,  was  gene- 
rally appfied  to  it  It  is  at  present  con- 
structed as  shewn  in  j^.  30,  by  apply- 

Bg.z: 


ing  coatings  of  tm  foU  on  both  sirfts  of 
the  jar  or  bottle,  leaving  a  sufficient 
space  uncovered  at  its  upper  part  to 
secure  it  from  the  risk  of  a  spontaneous 
discharge,  which  might  take  place  if 
the  coating*  were  not  separated  by  a 
sufficient  intervaL  A  metallic  rod,  rising 
two  or  three  inches  above  the  jar.  and 
terminating  at  the  top  in  a  brass  ball. 
which  is  often  called  the  knob  of  thejar, 
is  made  to  descend  through  the  cover, 
till  it  touches  the  interior  coaling.  It 
is  through  this  rod  that  the  charge  of 
electricity  is  conveyed  to  the  inner  coal- 
ler  coating  is  made  to 
We 


ctricity  is 
:,  while  U 


dition  be  not  observed,  the  inner  coating 
can  receive  no  charge,  and  only  a  feeble 

aiark  will  pass  frvm  the  conductor  to 
e  knob. 

(t25.)  Tlie  outer  coaling  may  be 
made  to  communicate  with  the  ground 
by  holding  it  in  the  hand;  and  on  pre- 
senting the  knob  of  thejar  to  the  prime 
conductor  when  the  machine  is  in  mo- 
tion, a  succession  of  sparks  will  pa-^s 
between  (hem,  while  at  the  same  time 
nearly  an  ei^ual  quantity  of  electricity 
will  be  passmK  out  from  the  exterior 
coating,  through  the  body  of  the  persoB 
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Vi\\o  holds  it  to  the  ground.  If,  instead  fonniit*g  a  eommonication  betvireen  the 
of  this,  the  Jar  be  placed  on  an  insulat-  outer  coating  and  the  prime  conductor, 
ing  stand,  and  a  ball  of  metal,  or  the  while  the  knob  is  made  to  communicate 
knuckle  of  the  finger,  be  held  near  the  with  the  ground.  The  only  difference 
outside  of  the  jar,  we  have  evidence  of  is,  that  the  outer  coating  would  then 
the  escape  of  the  electricity  from  the  be  active  and  the  inner  one  neutral; 
latter  by  a  succession  of  sparks  simul-  but  these  conditions  would  again  be 
taneous  with  those  that  occiur  between  reversed  as  soon  as  the  knob  was  dis- 
the  prime  conductor  and  the  knob  of  connected  with  the  ground,  and  the 
the  jar.  outer  coating  touched  with  the  hand. 

(126.)  IC  instead  of  touching  the  (128.)  If  two  jars,  the  one  charged 
outer  coating  of  a  jar  supported  on  an  positively,  the  other  negatively,  be 
insulating  stand,  we  bring  into  contact  placed  on  two  separate  insulatins 
with  it  the  knob  of  a  second  jar,  of  stands,  and  their  knobs  then  connected 
which  the  outer  coating  communicates  by  a  conductor,  which  is  itself  insulated, 
with  the  ground,  as  shewn  in  fg,  31,    no  explosion  will  take  place,  although 

the  two  coating,  which  are  thus  broug&t 
Fig,  31.  into  commumcation,   are  in  opposite 

electrical  states.  But  if  the  two  outer 
coatings  be  at  the  same  time  connected, 
an  explosion  will  take  place,  and  both 
jars  will  be  discharged. 

(129.)  Since  the  susceptibility  of  re- 
ceiving a  charge  depends  upon  the 
proximity  of  the  metallic  surfaces,  while 
the  passage  of  the  electricity  from  the 
one  to  the  other  is  interrupted  by  the 
interposition  of  a  non-conducting  sub- 
stance, it  is  evident  that,  in  the  con- 
struction of  the  Leyden  jar,  the  thick- 
ness of  the  glass  is  an  important  con- 
sideration. The  thinner  the  glass,  the 
greater  wiU  be  the  power  of  taking  a 
the  electricity  which  is  expelled  from  chai^;  but  the  power  of  retaining  the 
the  outer  coating  of  the  first  jar  passes  charge  will  be  less,  on  account  of  the 
into  the  inner  coating  of  the  secondiar,  diminished  resistance  which  the  glass 
and  thus  both  jars  are  charged.  Thus  will  afPord  to  the  passage  of  the  elec- 
may  charges  be  given  to  a  succession  tricity  through  it.  If  the  charge  be 
of  jars,  so  placed  as  that  the  inner  higher  than  what  the  jar  will  bear,  the 
coating  of  each  shall  communicate  with  glass  will  be  broken  by  the  violence  with 
the  outer  coating  of  the  one  that  pre-  which  the  electricity  forces  a  passage 
cedes  it  in  the  series ;  taking  care  that  through  its  substance.  Muscovy  talc,- 
the  outer  coating  of  the  last  jar  com-  even  in  very  thin  laminae,  resists  much 
municates  with  the  ground.  All  the  better  than  glass,  and  is,  therefore,  ca-^ 
jars  will  be  found  to  be  charged  in  a  pable  of  receiving  and  of  retaining  a 
similar  manner.  It  is  evident,  however,  much  higher  charge.  Another  Imiit 
that  the  charge  must  diminish  in  in-  to  the  charge  which  a  jar  is  capable  of 
tensity  as  it  is  conveyed  from  each  jar  retaining,  arises  from  the  liability  of  the 
to  the  next,  because  the  quantity  of  electricity  to  pass  from  one  coating  to 
electricity  which  is  expelled  from  the  the  other,  round  the  edges  of  the  glass, 
exterior  is  never  quite  e^ual  to  that  (130.)  These  spontaneous  discharges 
which  passes  into  the  interior.  as  thc^  are  called,  are  facilitated  by  the 

(127.)  For  the  sake  of  greater  dis-  deposition  of  moisture  on  the  glass, 
tinctness  we  have  all  along  supposed  the  forming  a  chain  of  conducting  particles 
interior  of  the  jar  to  be  charged  with  in  the  very  line  which  the  electricity 
positive  electricity,  but  the  very  same  has  a  strong  tendency  to  take.  Hence, 
effect  would  take  pLice  if  the  knob  of  it  is  a  requisite  precaution  to  keep  the 
the  jar  were  charged  negatively  by  com-  apparatus  in  as  oiy  a  state  as  possible ; 
munication  with  the  negative  conductor,  and  the  deposition  of  moisture  may  be 
A  similar  change  in  the  electrical  state  guarded  against  most  effectually  by 
of  the  coatings  would  result  from  placing  covering  tlie  uncoated  part  of  the  glass 
the  jar  on  an  insulating  stand,  and  Uien    with  a  layer  of  sealing-wax,  or  other 
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resinous  varnish.    The  liuuid  should  be  of  tin- foil  and  hard  varnish  form  also  «^ 

apj^ied  with  a  flat,  camd-hair  pencil,  very  compendious  battery.     It  admits 

the  gUss  being  previously*  warmed.  of  a  surprisinj^  accumulation,  without 

On  the  other  hand,  it  is  a  curious  shewing  any  vi\id  electricity  ;  but  it 
cbreumstance,  that  there  is  a  degree  of  must  be  usc^  with  more  caution,  lest  it 
humictity  in  the  inside  of  the  jar,  not  should  be  spoiled  by  a  spontaneous  dis- 
only  compatible  with  a  high  charee,  but  charge,  in  which  case  we  cannot  disco- 
which  even  contributes  to  retain  it.  ver  where  the  flaw  has  happened,  and 
This  effect  was  accidentally  observed  the  whole  is  rendered  useless. 
by  Mr.  Brooke,  and  afterwards  b}-  Mr.  (132.)  By  combining  together  a  suffi- 
Cuthbertson,  who  states  that  a  jar  will  cient  number  of  jars  we  are  able  to 
take  a  much  greater  charge,  namely,  accumulate  an  enormous  quantity  of 
one-third  more,  if  its  inside  be  consider-  electricity :  for  this  purpose  aU  the  in- 
ably  damped  bv  blowing  into  it  with  the  terior  coatings  of  the  jars  must  be  made 
mouth  througn  a  tube  reaching  to  the  to  communicate  by  metallic  rods,  and  a 
bottom.  The  explanation  of  tliis  re-  similar  union  must'be  established  among 
markable  fact  has  been  given  by  Pro-  the  exterior  coatings.  When  thus  ar- 
lessor  Robison  on  the  principles  for-  ranged,  the  whole  series  may  be  chaig- 
merlv  explained,  namely,  that  there  is  ed,  as  if  they  formed  but  one  jar ;  and 
no  electnc  intensity  so  great,  but  that  it  the  whole  of  the  accumulated  dectricity 
may  be  insulated  by  the  least  imperfect  may  be  transferred  from  one  system  of 
conductor,  lurovided  the  latter  be  long  coatings  to  the  other,  by  a  general  aikd  si- 
enough,  ana  so  constituted  as  that  the  multaneous  discharge.  Such  a  combina- 
intensi^  of  the  electricity  it  contains  tionofjars  is  called  an  f/tfci/ica/^a/Z^Ty. 
thaL  diminish  l)y  sufficiently  gentle  gra-  (133.)  It  is  evident,  that  an  apparatus 
dations.  An  uniform  dampness,  in-  of  this  kind,  consisting  of  a  great  number 
deed,  will  not  do  this ;  but  it  will  dimi-  of  parts,  must  be  more  liable  to  derange- 
nish  the  abruptness  of  the  variations  of  ment  than  a  single  jar :  for  if  any  one 
intensity,  and  thus  give  security  a^inst  of  the  jars  shouM  hajqpen  to  break  l^-  a 
a  spontaneous  discharge.  A  similar  spontaneous  explosion,  the  whole  battery 
protection  against  the  breaking  of  the  would  be  renaered  useless,  until  tlie 
glass  is  afforded  by  placinj^  a  layer  of  broken  jar  be  removed.  It  is  prudent, 
paper  between  the  glass  and  the  tin-foil,  therefore,  to  secure  the  adjacent  jars 
and  making  it  extend  also  an  inch  be-  from  actual  contact,  by  fixing  them  in  a 
yond  the  coating.  box  having  thin  partitions  ;  the  coated 

(131.)  Glass  ualloons  of  a  spherical  bottoms  of  the  jars  restii^  on  a  trellis 

shape,  being  of  more  uniform  thickness  of  wire,  or  on  a  sheet  of  tin-foil,  which 

than  jars,  would  be  much  preferable  for  may  establish  a  general  communication 

the  construction  of  an  apparatus  of  this  between  them ;  while  the  rods  from  the 

kind,  were  it  possible  to  applv  an  uni-  interior  coatings  are  connected  above  by 

form  coating  to  the  inside.     Professor  cross  wires,  having  balls  at  their  ex- 

Robison  recommends  the  tollowing  con-  tremities  in  order   to  obviate  the  dis- 

struction  for  a  portable  jar,  which  he  sipation  of  the  electricity.     On  the  other 

found  to  answer  exfreedinglv  well     A  hand,  by  limiting  the  communications  to 

long-necked  phial  was  made   of  sheet  a  certain  number  of  jars,  we  have  it  in 

tin,  and  then  coated  entirely  on  the  out-  our  power  to  charge  only  a  part  of  the 

side  with  fine  sealing-wax,  one  thirtieth  batter}',  without  employing  the  whole, 
of  an  inch  thick.    The  sealing-wax  was 

tlien  coated  with  tin-foil,   all  but  the  Chapter  IX. 

neck.     It  is  evident,  that  the  wax  here  Management  of  Electrical    Jart    and 
acts  the  part  of  the  glass  in  the  common  Batteries, 

JAr.  the  tin  plate  corresponding  to  the  (134.)  Yor  the  purpose  of  making  the 

inner  coating  and  wutj,  and  the  tin-foil  direct  communication  between  the  inner 

to  the  outer  coating.    The  dissipation  ^nd  outer  coating  of  a  jar  or  batter}-,  by 

IS  almost  nothing  if  the  neck  be  very  ^.^ich  a  discharge  is  effected,  the  in- 

small ;  and  it  only  requires  a  little  cau-  stniment  shown  in/^.  3-2.  and  which  is 
tion  to  avoid  bursting  by  too  high  a  f     'i^ 

charge.    Even  this  may  be  prevented  ^' 

by  coating  the  sealing-wax  so  near  to 
the  end  of  the  neck,  that  a  spontaneous 
discharge  must  tiappen  before  the  accu- 
mulation is  too  great.    Alternate  layers 
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caHed  the  DUehargtng  Rod  or  Jointed  sists  of  a  wooden  stand  with  a  socket 
Discharger^  may  he  conveniently  em-  fixed  in  its  centre,  to  which  may  he 
ployed.  It  consists  of  two  l)ent  metallic  occasionally  adapted  a  small  table  T, 
rods,  terminated  at  one  end  by  Intiss  having  a  piece  of  ivory  (which  is  a  non- 
balls,  and  connected  at  the  other  l>y  a  conductor)  iidaid  on  its  smface.  This 
joint,  which  is  fixed  to  the  end  of  a  glass  table  may  be  raised  and  kept  at  the 
handle,  and  which,  acting  like  a  pair  of  proper  height  by  means  of  a  screw  S. 
compasses,  allows  of  the  balls  l)eing  Two  glass  pillars  P,  P  are  cemented 
separated  at  different  distances.  When  into  the  wooden  stand.  On  the  top  of 
opened  to  the  proper  deeree,  one  of  the  each  of  these  pillars  is  fitted  a  brass 
balb  is  made  to  ioucn  the  exterior  cap,  having  a  ring  R  attached  to  it,  and 
coating,  and  the  other  ball  is  then  quickly  containing  a  joint,  movixig  both  yerti* 
I  rought  into  contact  with  the  knob  of  cally  and  horizontally,  ana  canrin^  on 
the  jar,  as  represented  in  Jig,  33,  or  with    its  upper  part  a  spring  tube,  admitting 

jp^g^  33.  a  brass  rod  to  slide  tlvough  it    £a(£ 

of  these  rods  is  terminated,  at  one  end, 
either  by  a  ball,  a  point,  or  a  pair  of 
forceps,  and  is  furnished  at  the  other 
extremity  with  a  handle  of  solid  glass. 
The  body  through  which  the  chai^  ia 
intended  to  be  sent,  is  placed  on  the 
table,  and  the  sliding  rods,  which  are 
moveable  in  every  direction,  are  then,  by 
means  of  their  insulating  handles, 
brought  in  cohtact  with  the  opposite 
sides,  and  one  of  the  brass  caps  bong 
first  connected  with  the  outskle  of  the 
any  pait  of  the  system  of  the  interior  j^^^  q,.  battery,  the  other  may  l)e  brought 
coatings,andthus  a  discharge  is  effected;  ^  communication  with  the  inner  ooat- 
while  the  glass  handle  secures  the  person  i^gg^  ^y  means  of  the  dischaiging  rod 
holding  it  from  the  effects  of  the  shock,  gbbve  described.  For  some  experiments 
(135.)  If  we  wish  to  send  the  whole  jt  ig  more  convenient  to  fix  the  sub- 
charge  of  electricity  through  any  par-  gfance,  on  which  the  experiment  is  to 
ticular  substance  which  may  be  the  ^e  made,  in  a  mahogany  fi-ame,  con- 
subject  of  experiment,  we  must  so  ar-  sitting  of  two  boards,  which  can  be 
range  the  connecting  conductors,  as  pressed  together  l)y  screws,  and  which 
that  the  substance  shall  form  a  neces-  Q^^^y  ^^  |Je  substituted  for  the  table 
sary  part  of  the  circuit  of  the  electricity,  *£  j^  either  of  these  ways  the  charge 
as  it  is  termed.  With  this  view,  we  g^^^  ^e  directed  through  any  part  of  the 
must  place  it  between  two  good  con-  gubstance  with  the  greatest  accuracy, 
ductors,  one  of  which  is  in  communica-  (137.)  The  quantities  of  electricity 
tion  with  the  outer  coating ;  and  the  ^hich  can  be  accumulated  in  any  given 
circuit  may  then  be  completed  by  con-  extent  of  coated  glass,  are  in  the  mverse 
necting  the  other  conductor  with  the  proportion  to  the  thickness  of  the  glass, 
inner  coating  by  means  of  a  discharging  biiferent  jars  or  batteries,  therefore, 
rod,  to  one  branch  of  which,  if  neces-  ^jj^  according  to  the  thinness  of  their 
sary,  a  flexible  chain  may  lie  added.  sidcii,  and  the  quantity  of  coated  surface 

(136.)  In  order  to  direct  the  charge  ^w  contain,  have  different  capacities 
with  more  certainty  and  precision,  an  ^^  holding  chaiges  of  electricity.  But 
apparatus,  called  the  Universal  Dis-  -^  ^^y  given  instrument  of  this  kind, 
rnor^er,  was  contrived  by  Mr.  Henley,  ^^  quantity  of  the  charge  communicated 
and  is  represented  in  Jig,  34.    It  con-    ^^  j^  \yy  ^  macli^e  may  be  measured  by 

Fig.  34,  the  intensity  of  the  electricity  in  the 

prime  conductor,  which  communicates 
with  the  interior  coating.  Some  esti- 
mate of  the  intensity  may  be  obtained 
by  the  employment  of  Henley's  quadrant 
electrometer  aheady  described,  (}  72,) 
the  index  of  which  rises  very  slowly 
while  the  battery  is  charging,  till  it 
reaches  a  certain  elevation,  correspond- 
ing to  the  capacity  of  the  battery.    If 
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tbe  eledilcily  be  accumulBted  bpyond 
this  limit,  ■  spontaneous  discharge  lakes 
place,  and  the  process  must  then  be  re- 
neired  in  order  to  obtain  a  full  chnrge. 
It  is  mnre  prudent,  however,  to  stop 
before  this  degree  of  accumulation  is 
mttained :  and  one  great  advantage  of 
Henley'a  electrometer  is,  that  it  showa 
lis  the  prioress  of  the  charge,  and  how 
far  vre  may  proceed  with  safety. 

(138.)  But  the  most  effectual  security 
tgiaiiut  fracture  from  a  spontaneoui 
discharge,  is  to  form  an  mteirupted 
circuit,  of  which  the  parts,  where  the 
fatterruption  occurs,  terminate  by  me- 
tallic balls,  placed  at  a  certain  distance 
from  each  other.  By  varying  the  in- 
taral  between  them,  we  may  rwulale 
the  quantity  of  electricity  which  we 
■hall  allow  to  accumulate  in'ths  battery ; 
fbr  the  moment  it  exceeds  the  quantity 
of  which  that  interval  is  the  ttrikiig 
tktUmee  (j  87,)  an  explosion  happens, 
by  the  ele^city  forcing  its  way  through 
theairfromoneballto  the  other.  lf£e 
balls  be  brought  very  near  each  other, 
t,  discharge  will  take  place  with  a  com- 
paratively small  accumulation :  when 
biiher  separated,  a  greater  charge  will 
be  retained,  because  a  higher  intensity 
of  electricity  is  required  in  order  to  pass 
through  Ihe  larger  intervening  space. 
It  is  on  this  principle  that  the  instru- 
ment, called  Lane'i  Discharging  EUc- 
tromeler,  is  constructed.  It  consists  of 
a  brass  ball,  B,y^.3S,  placed  at  the  end 
Fig.  35. 


quired:  the  other  end  of  the  moveabfe 
rod  must  be  connected,  l>y  meaaa  of  ■ 
chain  or  wire,  with  the  outer  coating. 

The  chief  use  of  this  instrument  is  to 
allow  a  jar  to  discharge  itself  sponta- 
neously through  any  previousW  oirangcd 
circuit,  without  emptuyintt  a  duchargu^ 
rod,  or  moving  anv  part  of  tbe  apparmtus ; 
and  also  to  proauce  suocesuve  elu- 
sions nearly  of  the  same  stm^th.  The 
magnitude  of  the  charge  is  measm^  bj 
the  distance  at  which  the  balla  are 
plEued ;  and  the  power  of  the  machine 
may  be  estimated  by  the  number  of 
explosions,  which,  at  any  given  dis- 
tance, take  place  in  equal  times.  In 
Mr.  Lane's  experiment  ihe  shodu  were 
twice  as  fi^uent  when  the  interval  be- 
tween the  balls  was  l-24th  of  ao 
inch,  as  when  twice  as  much :  hence  he 
concluded  that  the  quantity  of  electri- 
city required  for  a  discharge  i*  in  exact 
proportion  to  the  distance  between  tbe 
surfaces  of  the  balls.  But  the  indica- 
tions of  this  instrument  are  in  reali^ 
subject  to  great  fallacy,  on  account  of 
the  variable  state  of  the  atmosphere. 
which  affects  its  conducting  powo*; 
the  quantity  of  dust  which,  even  during 
the  course  of  an  experiment,  is  liable 
to  be  attracted,  and  to  ec^ect  upon  the 
balls  ;  and  also  from  the  roughening 
and  tarnishing  of  the  metallic  sur&ces 
produced  by  frequent  dectric  explo- 
sions. This  last  imperfection  is  one  to 
which  brass  balls  are  particularly  ex' 
posed ;  and  might,  if  it  were  worth 
while,  be  remedied  by  having  the  balls 
made  of  fine  silver. 

(139.)  Another  contrivance  for  re- 
gulating the  amount  of  the  char^ 
which  we  may  wish  to  send  through  any 
siibslance,  is  that  invented  1^  Cuth- 
berlson,  and  termed  the  Balance  Elec- 
trometer. It  consists  of  a  metallic  rod. 
K.  fig.  36,  terminated  l)y  two  equal 
balls  A,  B,  and  balanced,  like  a  scali;- 
Fig.  36. 


of  a  short  metallic  rod  R,  which  moves 
through  n  tubular  piece,  supported  by 
a  henl.  glass  slanrf  S.  This  sland  is 
marie  so  as  to  be  capable  of  being  fi>red, 
by  its  other  extremity,  !o  the  rod  pass- 
inif  up  from  the  interior  coaling,  and 
adjusted  so  that  the  ball  B  is  immedi- 
ately opposite  to  the  knob  of  the  jar, 
and  may  be  brought  to  the  exact  strik- 
tng  ditlance  from  it  which  may  be  re- 
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beam,  upon  knife-edged  centres.  Pne  jar  by  means  of  it,  the  wnole  of  tne 
of  the  arms  of  this  beam  is  graduated,  flmd  will  pass  though  the  wire,  without 
and  carries  a  slider,  which,  when  set  affecting  him :  but  if  a  piece  of  dry 
at  different  distances  firom  the  centre  of  wood  be  substituted  for  the  wire,  he 
motion,  acts  on  the  lever  with  a  pro-  will  feel  a  shock ;  for  the  wood,  being 
pNortionate  weight  firom  one  grain  to  a  worse  conductor  than  his  own  body, 
sixty.  The  ball  A,  at  the  extremity  of  the  charge  will  pass  through  the  latter, 
this  loaded  arm,  rests  on  a  similar  ball  as  being  the  easiest,  although  the 
D,  below  it,  which  is  supported  by  a  longest  circuit  During  its  transit 
bent  metallic  tube  T,  proceeding  from  through  the  human  body,  in  like  man- 
the  same  stand  as  that  which  supports  ner,  the  shock  is  felt  only  in  the  parts 
the  rods ;  the  whole  being  insulated  by  situated  in  the  direct  line  of  communi- 
a  glass  pillar  P.  At  a  little  distance  cation;  and  if  the  charge  be  made  to 
below  the  ball  B,  at  the  other  extre-  pass  through  a  number  of  persons  who 
mity  of  the  beam,  another  ball  C,  insu-  take  one  another  by  the  hand,  and  form 
lated  by  the  j^lass  pillar  Q,  is  placed ;  part  of  the  circuit  between  the  inner 
this  last  ball  is  to  oe  connected  by  a  and  outer  coatings  of  the  jar,  each  will 
chain  with  the  outer  coatings  of  the  feel  the  electric  shock  m  the  same 
battery,  while  the  metallic  support  of  manner  and  at  the  same  instant ;  the 
the  baUmce  is  connected  with  the  inner  sensation  reaching  from  hand  to  hand, 
coatings.  When  a  chai^  is  commu-  directly  across  the  breast.  By  varying 
nicat^  to  the  battery,  the  two  balls  A  the  points  of  contact,  however,  the 
and  D,  which  are  in  contact,  become  shock  may  be  made  to  pass  in  other 
repulsive  of  each  other ;  and  when  the  directions,  and  ma^  either  be  confined 
force  of  this  repulsion  is  sufficient  to  to  a  small  part  of  a  limb,  or  be  made 
raise  the  weight  on  the  loaded  arm  of  to  traverse  the  whole  length  of  the 
the  beam,  the  other  arm  will  he  forced  body  from  head  to  foot, 
down,  and  the  ball  B  coming  in  con-  (141.)  By  accurate  experiments  it  ap* 
tact  with  the  ball  C,  the  circuit  will  be  pears  that  ttie  force  of  the  electric  shock 
completed  and  a  discharge  take  place,  is  weakened,  that  is,  its  effects  are  di- 
As  the  force  of  the  repulsion  depends  minished,  by  employing  a  conductor  of 
upon  the  intensity  of  the  chai^j^e,  the  great  length  for  makiujg  the  discharge, 
weight  it  has  to  overcome  afitords  a  But  it  is  difficult  to  assign  a  limit  to  me 
measure  of  this  intensity,  and  enables  us  number  of  persons  through  which  even 
to  regulate  its  amount.  ^  a  small  charge  of  electricity  may  be 
The  practical  application  of  accumu-  sent,  so  that  all  shall  experience  the 
lated  electricity  to  various  purposes  of  shock ;  or  to  the  distance  along  which 
experiment,  involves  considerations  it  may  be  conveyed  by  good  conductors, 
which  relate  to  the  laws  observed  by  At  an  early  period  of  electrical  inquiries, 
electricity  in  its  movements,  and  which  much  interest  was  attached  to  the  de- 
more  properly  belong  to  the  subject  of  termination  of  these  points.  The  Abbe 
the  ensuing  chapter.  Nollet  passed  an  electrical  shock  from 

a  small  phial  through  a  hundred  and 

Chapter  X.  ««^ty  of  the  French  guards  in  the  pre- 

^^  ^M.     m^  ^-        ^              f  -  J   T^i  sence  of  the  king;  and  at  the  Carthusian 

Of  the  Motion  of  accumulated  Elec-  convent  in  Paris,  the  monks  were  formed 

trtctty.  into  a  line  of  above  a  mile  in  length,  by 
(140.)  In  forming  arrangements  for  means  of  iron  wires  held  between  them : 
directin^^  the  passage  of  accumulated  on  the  discharge  of  the  phial,  the  sensa- 
electricity,  it  should  be  borne  in  mind  tion  was  felt  at  the  same  moment  by  all 
that  the  electric  fluid  will,  on  these  oc-  the  persons  composing  this  extensive 
casions,  always  pass  through  the  best  circuit  Many  experiments  were  made 
conductors,  although  they  may  be  more  both  by  tlie  Engbsh  and  French  elec- 
circuitous,  in  preference  to  those  which  tricians  with  a  view  to  ascertain  the 
are  more  direct,  but  have  inferior  con-  space  which  a  discharge  can  be  made 
ducting  power :  and  it  must  also  be  to  traverse,  and  the  velocity  witli  which 
recollected,  that  when  different  paths  it  is  transmitted.  Of  these  the  most 
are  open  for  its  passage,  along  con-  ingenious  and  satisfactory  were  the  ex- 
ductors  of  equal  power,  the  electricity  periments  planned  and  executed  by  Dr. 
will  always  take  that  which  is  the  Watson,  with  the  assistance  of  the  lead- 
shortest.  Thus  if  a  person,  holding  ing  members  of  the  Royal  Society.  A 
»  wire  between  his  hands,  dischaiges  a  circuit  was  formed  by  a  wire  which  ex- 
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fended  the  whole  len^h  of  Westminster        (143.)  If  we  conceive  the  eonductidg 
bridge,  at  a  considerable  heicrht  above    l>odies  which  compose  the  circuit  to  be 
the  river:   one  end  of  this  wire  com-    divided  into  an   mdefinite  number  of 
numicated  with  the  outer  coatinc:  of  a    filaments,  eveiv  one  of  which  is  capaUe* 
charged  phial,  the  other  bein^  held  by  a    in  an  eaual  degree,  of  conveying  the 
person  on  the  opiH)site  side  of  the  river,     electric  nuid,  it  is  evident  that  the  unitecl 
w  ho  fonne<1  a  communication  with  the     power  of  these  filaments,  or  what  is 
water  by  dipping  into  it  an  iron  rod    the  same  thing,  the  capabxlitj  of  the 
held  by  the  other  hand.    The  circuit    bod^  itself  to  convey  a  charge  of  elee- 
was  completed  bv  another  person,  who    tricity,  is  in  proportion  to  the  number 
stood  near  the  phial,  and  who  likewise    of  these  elementary  filaments  which  it 
dipped  an  iron  rod  into  the  river  with    contains,  that  is,  to  the  magnitude  of  its 
one  hand,  and  was  enabled,  by  means    transverse  section,  without  any  relatioa 
of  a  wire  held  in  tlie  other,  to  effect  a    to  its  form.    Thus,  the  same  metallic 
contact  with  the   knob  of  the   phial,    rod  will  conduct  a  charge  ec^ually  wdl. 
Whenever  the  discharges  took  place,  the    whether  it  be  flattened,  or  divided  into 

shocks  were  felt  by  l)oth  persons ;  thus  several  smaller  wires,  or  whether  it  oon- 

Erovini^  that  the  electric  fluid  must  have  sist  of  a  single  C}'iinder  of  the  same 

een  in  motion  along  the  whole  line  of  area, 
the   circuit,  including    both  the   wire        (144.)  If  the  size  of  the  conductor  be 

above  and  the  river  below.  sufficiently  great,  the  whole  charge  may 

In  another  experiment,  made  on  Shoot-  be  conveyed  without  any  sensible  ch- 

ers*-hill,  at  a  time  when  the  ground  was  struction  or  retardation,  and  therefore 

remarkably  dry,  the  electricity^  was  made  without  any  tendency  to  deviate  from 

to  perform  a  circuit  of  four  miles ;  being  tlie  direct  line  of  its  course.     Bat  it  is 

conducted  for  two  miles  along  wires  otherwise  when  the  conductor  is  too 

supported  upon  baked  sticks,  and  for  slender  to  afford  a  ready  passage  to  the 

the  remaining  distance,  also  of  two  miles,  fluid  which  is  pressing  onwards :  and  it 

throu<;h  the  diy  ground.     As  far  as  is  important  to  inquire  into  the  conse- 

could  be  ascertiiined,  by  the  most  careful  quences  to  which  these  obstructions  may 

observation,  the  time  in  which  the  dis-  give  rise. 

charge  was  transmitted  aloni^  that  im-        (145.)  The  first  effect  of  an  impedi- 

niense  circuit  was  perfectly  instant ane-  mcnt  to  the  free  passage  of  accumulated 

ous :   nor  has  any  other  trial  that  has  electricity  must  be  a  retardation  of  its 

yet  bi'cn  made  alForded  the  least  ap-  motion.     It  is  reasonable,  therefore,  to 

proach  to  a  measurement  of  the  velocity  expect   that  with  a  circuit   com])used 

with  which  electricity  moves.  either  of  bad  conductors,  or  of  con- 

(142.)  On  this  subject,  however,  an  ductors   of  inadequate  size,   although 

imi>ortant  distinction  should  be  made  good,  the  discharge  will  not  be  etl'ected 

between  the  actual  movement  of  each  so  instantaneously,  nor  so  completely; 

individual  particle  of  electric  fluid,  and  and  that  the  shock  which  accompanies  it 

the  transmission  of  an  impulse  along  a  will  be  diminished  in  its  violence.    This 

series  of  such  pailicles,  for  the  one  may  principle  may  find  its  application  on  oc- 

bear  hardly  any  propoii ion  to  the  other  :  casions  where  it  is  desirable  to  soften 

just  as  we  find  that  sound  proceeds  with  the  intensity  of  the  shock,  as   in  the 

ji  velocity  incomparably  greater  than  medical  employment  of  electricity,  whtire 

that  of  the  particles  of  air  which  are  imperfect  conductors  are  on  this  ac- 

cDiiccriied  in  its  propai^i^ation.     In  like  count  sometimes  preferable,   both  for 

manner  the  portion  of  blood,  which  raises  taking  sparks  and  shocks. 
tliL*  artery  at  the  wrist,  where  the  pulse        (146.)  A  second  effect  resulting  from 

is   felt,  is  not  the   identical  portion  of  an  obstruction  to  the  fiow  of  electricit}', 

blood  which  is  thrown  out  from  the  heart  is  a  tendency  in  the  fiuid  to  diverge 

]>y  the  contraction  of  that  organ  pro-  from  the  direct  line  of  its  course,  and  to 

ducinu:  that  pulsation:  the  impulse,  in  fly  off  to  dillerent  objects  in  the  vidnity. 

all  these  cases,  being  propagated  like  a  This  is   frequently  exemphfied   in  the 

wave,  from    one    particle  to   another,  case  of  hghtning,  which,  on  striking  a 

There  is,  therefore,  no  reason  to  sup-  building,  is  apt  to  take  a  very  irregular 

])ose  that  the  same  particles  of  electric  and  seemingly  capricious  route,  darting 

fluid,  which  enter  at  one  piul,  have  tra-  towards  conducting  bodies  wliich  may 

versed  from  one  eid  to  the  other  the  happen  to  attract  it,  although  at  some 

whole  line  of    conducting    sul'sluiices  distance  from  the  immediate  direction  it 

wliich  luriv  the  circuit.  was  pursuing.    The   position    of  sudi 
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condudini;  bodies  would  ftppear  to  have  fant  from  the  outer  coating  of  the  jar, 

u  materini  influence  in  detennininfc  the  and  apply  one  end  of  the  discharging 

s)rikin^  distance.    It  wai  remarked  li;  rod  D,  to  the  other  extremity  of  the 

Dr.  Printley,  that  the  eiplosion  from  a  chain.    As  won  as  the  other  ball  of  the 

Ihi^  hatlerv  extends  to  a  groater  dis-  dischajKing  rod  is  made  to  touch  the 

'er  the  surface  of  water  than  in  knob  of  the  jar,  lo  as  to  effect  ■ 


<147.)  An  ef&ct  whidi  feems  to  de- 
pend upon  this  lendracy  in  the  fluid  to 
divei^t^ce  in  consequence  of  obstruc- 
lion,  although  it  has  tiy  some  been  ~' 
fcrrwl  to  ft  difl'erent  '--'-•- 
which  has  been  termi 


ehaiKe,  a  briiliant  spark  is  seen  to  ex- 
tend tjetireen  the  insulated  rod  R,  and 
the  adjacent  conductor  B.  This  lateral 
■park  has  the  same  length  and  brilliancy 
whether  it  lie  received  on  flat  or  smooth 

£,  is  that     sur&ces,  or  on  sharp  points. 
end  ex-         It  \»  stated  by  Dr.  Priestley,  that 


potion.     When  a  larjce  jar  or  battery  the  efibct  we  have  been  describing  takes 

IS  discharged  tiy  a  metallic  wire  which  place  without  any  apparent  change  in 

IS  hild  in  the  hand  without  the  protec-  the  electrical  state  of  the  conductor  B ; 

tinn  of  any  glass  or  other  insulating  and  hence  Cavallo  conceived  that  the 

handle,  it  often  happens  that  a  slight  lateral  spark  was  sent  out  from  the  jar, 

nhock  is  felt  in  the  hand  tliat  grasps  the  and  returned  to  it  almost  at  the  aame 

u'irp,  e.specially  if  the  charge  of  dec-  instant,  allowing  of  no  perceptible  lime 

tricily  lie  very  considerable.    1  his  ap-  for  an  electrometer  to  be  affected.     Dr. 

parent  divergence  or  overflow  of  electno  Robison,    however,    always    observed, 

fluid,  when  rushing  in  large  quantities  on   rwpeating   the  experiment,   \haX   a 

through  a  narrow  space  l)aiety  sufficient  very  delicate  elecfrometer  was  afiected 


to  contain  it,  may  also  be  rendered 
visible  in  other  ways.  If  one  end  of  a 
rhun  be  connected  with  the  outer  coat- 
ing of  a  charged  jar,  while  the  remainder 


these  circumstances ;  and  the 
me  observation  is  confirmed  by  BioL 
llie  phenomena  of  the  lateral  ex- 
plosion   have    been    attempted    to   be 


of  the   chain   is   lying  loosely  upon   a     explained  by   the  electricity  exerting, 
•.L,_  __  j:__i : — .u.  ;-_:_  .  j— I.      during   its  psssagc,  an  inductive  in- 
fluence, of  which  the  effects  may  be 
"".pected  to  cease  the  moment  the  cauw 


table,  on  discharging  the  jar  in  a  dark- 
ened room,  by  a  discharging  rod,  in 

the  usual  way,  it  will  be  fbund  that  the        .  

chain,  although  it  makes  no  part  of  the  is  removed.     But  this  explanation  ai>- 

"  "^  'j  be  less  salisfaclory  than  the 


I    rendered   luminous   t»y  the    pears 


one  which  attributes  the  phenomena  b. 
'-  expensive  propulsion,  followed  by 


lliick  mclallie  rod  R,^.  37,  be  sup-     passage  ir 

Effect*  of  Eleetridljf  upon  Boaiet. 
(148.)     HAviita    considered   the   cir- 
cumstances  attending   the   motion  of 
eleclricily  with  reference  chiefly  to  the 
B  fluid  itsell,  we  next  proceed  lo  give  an 

mr     account  of  the  effects  which  it  itfoduce* 
■^     upon   bodies  by  its  passage    tlurougb 
them.  . 

(149.)  Independently  of  electrical  at- 
traction and  repulsion,  it  does  not  appear 
|H)rled  on  an  insulating  stand,  and  that thesimpleaccumulatioQofelectncity 
jilaccd  with  one  of  its  endii  in  contact  in  any  quanli^  in  bodies,  as  long  as  A 
with  the  outer  coaling  of  a  Leyden  jar;  remuini  quiescent,  produces  the  least 
and  at  a  distance  of  half  an  mch  from  sensible  change  in  uidr  properties.  A 
its  other  extremity  place  a  long  con-  person  stawlingupon  aninsiuating  stool 
ducting  body  U,  of  at  least  six  or  seven  may  be  charged  with  any  quantity  of 
feet  in  length,  and  only  a  few  inches  in  electricity  from  a  machine,  without  being 
tm;aclth.  Let  a  chain  C,  be  now  placed  perceptibly  affected,  until  Uie  equilibrium 
upon  the  table,  so  that  one  of  its  ends  of  the  fluid  is  disturbed,  by  drawing 
may  be  about  an  inch  and  a  half  dis-    sparks  from  his  body,  or  from  the  prima 
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conductor  with  ^hich  he  may  be  in  com-  employed  for  making  thermomelers,  bt 

munication.  tilled  with  mercury,  and  placed  so  that 

\Ve  ha%'e  already  seen,  indeed,  (}  78,  the  filament  of  this  metal  forms  part  of 

79,  80,)  that  it  is  only  a  very  small  part  the  circuit ;    on    the    discharge    bein^ 

of  an  electrified  body^  namely,  the  more  made,  the  glass  tube  will  be  burst,  and 

surface,  that  is  in  an  active  state,  either  its  fragments,  together  with  the  mer- 

of  positive  or  negative  electricity,  and  cury,  will  be  completely  dispersed.    If  a 

that  the  rest  of  the  substance  of  the  body  fluid  of  inferior  conducting  power,  such 

is  in  a  state  of  perfect  neutrality.  as  water,  be   contained  m   a  tube  of 

nso.)    It  also  appears  that  the  unin-  larger  diameter  than  in  the  preceding 

temipted  ))assa$re  of    any  quantity  of  experiment,  the  passage,  even  of  a  mo- 

electricity  through  a  perfect  conductor,  derate  charge,  wul  be  sufficient  to  bn*ak 

such  as  a  rod  of  metal  which  is  of  suffi-  the  tube,  and  scatter  its  contents.    OQ, 

cient  thickness  to  convejr  it,  occasions  alcohol,  and  ether,  oppose  still  greater 

no  nerccptible  alteration  in  the  mecha-  resistance  than  water  to  the  passage  of 

nical  properties  of  the  conducting  Ixxly.  electricity,  and  they  are  expanded  and 

(151.)    On  the  contrary,  ver>'  consi-  scattered  with  still  greater  violence  by  a 

derable  effects  are    produced  when  a  dischai^  being  made  to  pass  through 

powerful  charge  is  sent  through  a  wire,  them. 

which  from  the  smallness  of  its  size  will  (154.)  Beccaria  introduced  two  wim 
not  admit  of  the  whole  quantity  to  pass  through  holes  in  the  opposite  sides  of  a 
with  perfect  freedom ;  or  through  a  sub-  perforated  ball  of  solid  glass  of  two  in- 
stance which,  although  large,  is  deficient  ches  diameter,  the  ends  of  the  wires 
in  conducting  power ;  or,  in  other  words,  being  separated  by  a  drop  of  water, 
which  opposes  a  degree  of  resistance  to  which  occupi^  the  centre  of  the  perfo- 
the  passage  of  electricity.  Thus,  an  iron  foration.  On  passing  a  shock  through 
conductor  will  carr>'  ofi  the  whole  elec-  the  wires  and  mtervening  d^p,  the  ball 
tricit^  of  a  thunder-cloud  in  safety  and  was  shattered  with  great  violence.  By 
in  silence,  while  a  beam  of  wood,  or  a  a  similar  arrangement,  Mr.  Morgan 
tree,  struck  by  lightning,  is  shivered  into  succeeded  in  breaking  green  glass  but- 
a  thousand  fragnients.  ties  filled  with  water,  when  the  distance 

^152.)  When  electricity  thus  changes  of  the  wires  between  which  the  exiilosion 
the  physical  properties  of  bodies,  its  passed  exceeded  two  inches.  In  this 
ojKTation  may,  in  general,  be  referred  to  way,  also,  glass  tubes,  half  an  inch  thick, 
that  of  separating  their  particles  in  the  with  a  boY^  of  tlie  same  diameter,  were 
hne  of  its  course.  This  separation  is  burst  with  a  very  moderate  charg-**,  in 
effected  with  more  or  less  violence,  ac-  Mr.  Singer's  experiments.  If  a  cup-like 
curdinejlo  the  intensityand  quantityof  the  cavity  l)e  turned  in  a  piece  of  ivon,-,  ea- 
ch arge,  and  is  frequently  attended  by  the  pable  of  receiving  the  half  of  a  liirlit 
evolution  of  heat  and  light.  The  mecha-  wooden  ball,  with  a  small  conical  cell  at 
nical  effects  of  electricity  resemble  those  the  bottom  of  the  cavity,  and  two  win's 
which  would  be  produced  by  a  material  be  inserted  into  it  tlirough  the  sides  of 
agentdriven  Willi  great  velocity  and  force  the  ivorj';  on  putting  a  drop  of  water. 
through  the  substance  of  the  body.  Some  alcohol,  or  ether  between  the  wires,  and 
of  these  effects,  on  the  other  hand,  seem  placing  the  ball  over  them  in  its  cavit)*, 
to  be  the  consequences  of  the  expansion  and  sending  a  charge  through  the  divp 
produced  by  heat;  but  many  of  the  of  fluid,  part  of  it  will  be  suddenly  con- 
chanjres  induced  by  electricity  are  of  a  verted  into  vapour,  and  the  ball  wiU  be 
chemical  natuie,  and  such  as  mechani-  propelled  with  great  violence.  Even  a 
cal  agencies  alone  are  insufficient  to  ex-  common  drinking  glass,  filled  with  wattr, 
plain.  We  proceed  to  describe  these  may  be  broken  by  the  explosive  force 
several  effects  more  particularly.  witn  which  vapour  is  formed  at  the 
jc  I  711^1  '  I  r^/r  .  >.  r^,  .  ,  poiut  whcrc  the  clectricity  passcs.  Bee 
J  1 .  Mec/iumcul  Lffects  of  Electricity,  ^^^ia  constructed  a  small  mortar  with  a 

(153.)  The  cohesion  of  the  particles  of  ball,  behind  which  a  drop  of  water  was 

solid  bodies  may  be  conceived  to  oppose  placed,  so  as  to  be  between  the  two 

some  resistance  to  the  tendency  of  elec-  wires  that  passed  tlurough  the  sides  of 

tricity  to   separate  these  particles  from  the  mortar.    The    chanre    being    sent 

one  another  ;  for  we  find  that  fluids  are  thiough  the  two  wires,  the  drop  of  water 

more  violently  acted  upon  than  solidji^  by  was  expanded  with  such  force,   as  to 

thepassageof  the  electric  discharge.    If  (b*ive  out  the  ball  with  great  velocity, 

the  stem  of  a  capillary  tube,  such  as  is  Mr.  LuUin,  of  Geneva,  found  that,  lijr 


ihBtter  the  tube  which  c 
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imtead  o[  water  in  thu  ex-  ments,  and  even  reduce  a  portion  into  an 

he  bill  naa  projected  with  impalpable  powder.    If  tne  mouth  of  a. 

■  Ibrce.  small  mortar  made  of  ivory,  with  a  co- 

f  two  wires  be  introduced  into  vity  of  half  an  inch  diameter  and  an  inch 

toftobacco-pipe  clay,  inthat  deep, be  stopped   by  a  cork,  fitted  so  aa 

be   nenr   each    other,    aiid  to   close  the    apeiture    accurately,  yet 

ssed  through  them,  the  clay  without  much  triclinn,  and  if  two  wire* 

ously  expanded  in  the  inter-  be  inserted  through  the  sides  of  the  mor- 

L  the  wires.     The  experiment  tar  so  that  their  points  within  the  cavitf 

icced  if  the  clav  be  either  too  be  separated  by  an  interval  at  about  a 

noist    If  the  clay  be  too  dr^,  quarter   of    an  inch,   a  strong  charge 

k  too  powerful,  the  mass  will  bein;^  sent  through  the  wires  viS\  eniand 

into  innumerable  fragments,  the  au:  within  the  cavity  so  suddenly  as 

t>e  placed  in  the  tube  of  a  to-  to  project  the  cork  to  some  distance. 

or  in  a  ^ass  tube,  (he  ex-  (ISS.)  Solid  bodies  of  a  porous  tex- 
tile clay  will  be  so  consider-  ture,  luch    aa  wood,   are    easily   torn 

.!_..,__  .!._  ...1 i.:_i.   —  asunder  by  an  electric  charge.     If  two 

holes  be  drilled  in  the  opposite  ends  of 
a  piece  of  wood,   about  half  an   inch 

^ _    and'tii.   .   __     .  .     

ving  experiment  of  Kinners-  the  holes,  so  that  their  points  may  be  at 

'parutus  for  which   has  been  the  distance  of  a  quarter  of  an  inch;  on 

Eleclrical  Air  Thermometer,  passing  a  strong  charge  through  them, 

of  a  i^ass  tube  closed  at  both  the  wood  will  be  split  in  pieces.    Stones, 

r-ti<!hl   brass  caps,  through  loaf-sugar,  and  other  brittle    and  im- 

wircs  slide  in  the  direction  of  perfectly  conducting  substances,  may  be 

*  the  tube.    These  wires  are  oroken  in  a  similar  way. 

Iiy  brass  b^ls,  whicn  are  Place  a  piece  of  dry  writing  paper 

fproach   within  the  striking  upon    the  table   of   the  universal  ais- 

0  an  aperture  in  the  hot-  charger,  and  having  removed  the  hidls 

E  lower  cap  is   fitted  a  bent  from  the  ends  of  the  slidinj;  wires,  press 

i<i  uhicli  turns  upwards,  and  the  points  of  the  wires  against  the  paper 

both  ends ;  the  oent  part  is  at  the  distance  of  two  inches  from  each 

mercury,  or  with  a  coloured  other ;  it  a  powerful  shock  be  now  sent 

h   may  indicate  by  its  rising  through  the  wires,  the   paper  will   be 

in  the  tube  any  <£latation  or  torn  in  pieces.     If  a  number  of  wafer* 

that  mav  take  place  in  the  air  t>e  placed  on  the  table,  instead  of  paper, 

vessel.     It  is  found  that  every  they  will  be  dispersed  in  a  curious  man- 

'k  passes  between  the  brass  ner,   and  many   of  them  broken   into 

lluid   suddenly  rises,  but  de-  small  fragments. 

un  to  its  former  level  imme-  (159.)  A  singular  result  is  obtained 

r  each  explosion ;  thus  show-  by  the  following  variation  in  the  circum- 

dilatation  of  the  air,  produced  stances  of  the  last  experiment,  which 

pt  passage  of  electricity,  is  but  was  made  by  Mr,  Lullin.     Suspend  a 

iry  duration.  vaminhed  c«u^  by  silk  threads,  (see  fig. 

'hen  a  strong  electrical  charge  36.)  in  luch  a  manner  that  two  blunt 

lugh  a  very  confined  portion  „.     _„ 

ejtidosive  effects  produced  by  ''*■  ^''■ 
>nsiderable  as  those  we  have 
ted  by  denser  fluids,    "nins  if 

plate  glass  of  the  sixe  of  a 
1,  aiul  half  an  inch  in  thick- 
d  flat  upon  the  smaU  table  of 
iniversal  discliar^ir, (j  13S,) 
id  down  by  a  weight,  and  the 
le  sliding  wires  be  set  oppo- 
I  other  and  against  the  lutier 
i  glass,  so  that  the  electridty 
tienvath   it.  the  chai^  of  a 

transmitted  in  this  way  will  wirea  proceeding  from  the  two  aide*  ol 

gla^s  into  innumerable  frag-  a  jar  or  battery,  may  be  in  contact  with 
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the  opposite  sides  of  tlie  card,  but  at  the  mechanical  impressions  made  by  dee- 
same  time  half  an  inch  distant  from  tricify.  Let  a  sheet  of  tin-foil  be  fdacsi 
each  other;  when  the  discharge  is  in  the  middle  of  a  quire  of  paper;  m 
made  Ix'tween  the  wires,  and  along  making  the  discharge  through  it,  thi 
the  surface  of  the  card,  the  latter  is  tin-foil  is  found  to  have  received  two 
found  to  be  perforated,  but  always  at  indentations  in  opposite  directioqs,  ami 
the  point  where  the  wire  communicating  the  leaves  of  paper  are  rent  in  such  a  mur 
with  the  negative  side  of  the  battery  had  ner,  that  on  both  sides  of  the  tin-f(Ml  the 
touched  it.  T^e  same  perforation  takes  burs  point  towards  the  outsides  of  the 
iilace  at  this  point,  even  when  a  hole  quire;  but  the  indentations  upon  the 
iiaS  been  previously  made  at  the  point,  tm-foil,  and  the  burs  on  the  paper,  aicia 
whore  it  is  touched  by  the  positive  wire,  opposite  directions.    If  another  quire  of 

The  course  of  the  electric  fluid  may  paper  be  taken,  and  two  sheets  of  tin- 

l>c  traced  with  more  preoision,  by  hav-  foil  be  placed  within  it,  so  that  they  are 

ihg  lx)th  sides  of  the  card  coloured,  separated  by  the  two  middle  leaves  of 

presiously  to  the  experiment,  with  ver-  the  quire,  tKe  result  will  be  that  aUffae 

milion,  for  it  will  tlien  leave  on   the  leaves  will  he  perforated,  excepting  the 

card  a  well  defined  black  line  extending  two  within  the  tin-foil,  and  in  uiese  two 

from  the  point  of  the  positive  wire  to  leaves  there  will  be  two  impresaooi  or 

the  perforation  ;   and  a  diiiused  black  indentations  in  opposite  directions. 
mark  on  the  opposite  side  of  the  card,        (162.)  The  mechanical  effects  we  hive 

around  the  perforation,  and  next  to  the  just  described  have  been  often  adduced, 

negative  wire^  not  only  as  proofs  of  the  materiality  of 

(160.)  When  the  electrical  discharge  the  electric  fluid,  but  also  as  ponSvre 
is  made  to  pass  in  a  perpendicular  di-  indications  of  the  direction  of  its  motiooiy 
n*ction  through  tlie  thickness  of  a  card,  according  as  either  the  one  or  the  other 
which  may  be  effected  by  placing  it  of  the    two  theories  of   electrid^  if 
against  the  outer  coating  of  a  Leyden  adopted.   But  this  is  a  subject  whkn  vt 
jar,  and  setting  the  lower  ball  of  the  reserve  for  future  discussion, 
discharging  rod  against  the  other  side       (163.)  The  fracture  of  g)ass  by  the 
of  the  card,  so  that  its  thickness  may  be  electrical  ex{dosion   has  already   beet 
interposed  between  it  and  the  tin-foil,  adverted  to,  (}  129 ;)  but  there  are  ^  ^ 
and  making  the  explosion  in  the  usual  a  few  circumstances  attending  it  wliich 
way,  as  represented  injig,  33,  (}  134,)  deserve  to  be  noticed.    The  edges  of  the 
the* card  wnl  be  perforated.  At  the  edge  fractured  portion  appear  well  defined oa 
of  the  perforation,  on  each  side  of  the  the  positive  side ;  wnile  on  the  net^tirc , 
canl,  there  will  be  a  small  bur  or  pro-  side  they  are  splintered,  as   might  be  ' 
triision,  which  is  always  larger  on  the  expectea  from  the  passage  of  a  mateiui  '■. 
side  next  to  the  jar,  than  on  that  next  to  agent  from  the  former  to  the  latter.    It  i 
the  discharging  rod;  the  former  being  is  remarkable  also,  that  a  perforatioD  I 
tlie  negative,  and  the  latter  the  positive  may  be  made  in  glass  by  a  very  mode-  ' 
side.     I3y  passing  the  shock  through  a  rate  discharge,  when  the  glass  is  in  con- 
(luire  of  paper,  instead  of  a  single  card,  tact  with  ou  or  sealing-wax.    Thui  if 
tne  proeress  of  this  effect  at  different  a  small  phial,  or  glass  tube,  closed  it 
depths  from  the  surface  may  be  accu-  one  end,  be  flll^  with  olive  oil,  and  a 
rately  analysed.    Mr.  Svmmer,  who  de-  pointed  wire,  bent  at  right  angles,  and 
viseil  this  exi)eriment,  observed  that  the  passing  through  a  cork  fitted  to  the 
rairged  edges  were  for  the  most  j)art  mouth  of  the  phial  or  tube,  be  intn>- 
directeil  outwards  from  the  body  of  the  duced  into  it,  so  that  the  i)oint  may  touch 
<iuire.     Upon  examining  the  leaves  se-  any  part  of  its  inside  beneath  the  sur- 
parately,   nowever,  he  found  that  the  face  of  the  oil ;  on  suspending  the  vei- 
edges  of  the  holes  were  bent  regularly  sel  by  its  wire  to  the  prime  conductor  of 
two  different  ways,  and  more  remarka-  an  electrical  machine,  and  applying  to 
bly  so  about  the  middle  of  the  quire ;  the  outside,  either  the  knuckle,  or  a 
one  edge  of  each  hole  being  throughout  brass  ball,  exactly  opposite  to  the  poial 
its  course  forced  one  way,  and  the  other  of  the  wire  wilhin,  so  that  a  si^ark  rnsy 
edge  in  the  contrar>'  direction,  as  if  the  pass  between  them,  it  will  be  found  tOi, 
hole  had  been  made  in  the  i)aper  by  have  made  a  smaJl  perforation  through 
drawing  two  threads  through  it  in  oppo-  the  glass ;  by  bringing  the  wire  in  con- 
site  ilirections.  tact  with  ditferent  parts  of  the  g]8»,t 

(151.)  The  following  variation  of  the  great  numlxT  of  lioles    may   thus  be 

expeiimcnt  illustrates  the  natiue  of  the  made  in  it.  The  cifect  of  the  oil  appean 
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0  be  that  of  controllmg  the  tendency  of  has  a  weight  suspended  hy  if,  so  as 
he  electric  fluid  to  diverge,  and  of  con-  to  give  it  consideral)Ie  tension,  the  length 
ientrating  the  whole  power  of  the  charge  of  the  wire  becomes  increased  instead 
nto  a  single  point  of  diminished,  as  in  the  above  cx])eri- 

(164.)  This  repulsive  tendency  is  also  ment     This  is  evidently  owing  to  the 

irdl  illustrated  Yrr  the  following  experi-  influence  of  the  heat  which  accompa- 

nents  made  by  Dr.  Priestley.  If  a  clean  nies  the  passage  of  the  electricity,  and 

vnss  chain,  previously  dipped  in  melted  which  diminishes  the  cohesion  of  the 

^in.   he   laid    upon    paper,  and  the  particles  of  the    metal,    and   disposes 

^arge  of  a  batteiy  of  at  least  32  square  them  to  yield  to   the  extending  force 

M  be  sent  through  it,  the  resmous  which  the  weight  supplies, 
soaling  will  be  thrown  off  from  every      *  „    «    i  j-       rrr    *  i^   r-i    ^  -  ^ 
MTt  of  the  chain,  which  will  be  left  pef-     *  2.  Evolution  of  Heat  by  Electricity. 

^ectly  clean,  and  free  from  resin.    If  a  (166.)  The  ignition  and  fiision  of  metals 

vass  chain  be  laid  upon  a  piece  of  by  the  electric  discharge,  are  phenomena 

dass,  and    a   similar    charge    passed  which  have  been  long  observed.     Thus 

inrough  it,  the  glass  will  be  marked  in  by  passing  a   strong   chaise  through 

1  beautiful  manner  on  every  part  of  its  slender  iron  wires,  they  are  ignited,  and 
lurface,  where  it  had  been  touched  with  partly  melted  into  gioI)ules.  It  was 
:he  chain,  every  spot  having  the  width  formerly  believed  that  very  lai^  bat- 
ind  colour  of  the  unk.  The  metal  may  teries  were  necessary  for  obtaining  this 
7t  scraped  off  the  glass  at  the  outside  of  effect ;  but  if  the  wire  be  sufliciently 
lie  marks,  but  in  the  middle  part  it  is  flne,  the  electricity  accumulated  in  a 
(breed  within  the  pores  of  the  glass,  single  jar  of  moderate  size  will  suffice 
Dr.  Priestley  conununicated  a  similar  for  its  production.  The  best  material 
inge  to  dass,  by  means  of  a  silver  for  exhibiting  this  effect,  is  the  finest 
;hatn,  ana  small  pieces  of  other  metals ;  flatted  steel  sold  at  the  watchmakers* 
lut  he  could  not  succeed  with  large  tool  shops,  under  the  name  of  watch 
;>ieces.  pendulum  wire.    Van  Marum  has  given 

(165.)   The  effects  of   accumulated    a  statement  of  the  lengths  of  wires  of  dif- 
jectricity  upon  metallic  bodies,  are  re-    ferent  diameters,  and  of  different  mAals, 
ferable,  for  the  most  part,  to  the  agency    which  his  powerful   machine   enabled 
>f   the  heat  produced  by  its  passa^    him  to  melt;   when  they  were  drawn 
through  them ;  yet  the  phenomena,  m    to  the  thirty-second  part  of  an  inch  in 
many  cases,  indicate  also  the  operation    diameter,  he  found  that  he  coidd  frise 
9f  other  forces.    By  the  transmission,    120  inches  of  lead  wire,  and  the  same 
through  a  piece  of  metal,  of  repeated    quantity  of  tin  wire ;  five  inches  of  iron 
shocks,  which  are  not  powerful  enough    wire ;  three  inches  and  a  half  of  ^old 
lo  effect  its  fusion,  or  even  ignition,  a    wire ;  and  only  one  quarter  of  an  mch 
permanent  alteration  may  be  produced    of  wires  of  silver,  copper,  or  brass, 
m  its  form,  such  as  would  not  have  re-        (167.)     From    the    experiments   of 
suited  from  heat  alone.    Dr.  Priestley    Brooke  and  of  Cuthbertson,  it  has  been 
and  Mr.  Naime  found  l^  experiment,    inferred  that  the  length  of  wire  which  is 
that  a  chain  through  which  an  electrical    thus  melted  by  the  electric  discharge, 
charge  had  passed,  undergoes  a  diminu-    varies  as  the  square  of  the  quantity  of 
tion  in  its  length.     A  piece  of   hard    accumulated  electricity  which  is   sent 
drawn  iron  wire,  ten  inches  long  and    through  it ;  thus  a  combination  of  two 
one  hundredth  of  an  inch  in  diameter,   jars,  char^  to  an  equal  decree,  will 
was  found,  after  fifteen  discharges,  to    melt  four  tunes  the  length  of  w^e  which 
have  lost  one  inch  and  one  tenth  of  its    one  jar  will  melt, 
length;   and  the  increase  of  thickness       (168.)  While  the  electric  battery  thus 
seemed  to  l)e  in  proportion  to  this  Ion-    effects  the  fiision,  and  even  in  some 
gitudinal  contraction,  for  the  wire  had    cases    the  volatilization  of  metals,  the 
not  perceptibly  lost  any  of  its  wei^t    phenomena  appear  also  to  indicate  the 
during  the  experiment    A  copper  wire    action  of  propelling  or  dispersive  forces, 
plated  with  silver,  of  the  same  dimcn-    as  if  the  agent  concerned  in  their  pro- 
sions  as  the  former,  underwent,  by  the    duction  was  endowed  with  great  mecha- 
same  treatment,  a  diminution  of  length    nical  momentum.     Thus   the    densest 
two  thinls  as  great  as  that  of  the  iron    metals  are  rent  and  dispersed  with  vio- 
wire.  lence  by  the  passage  of  accumulated 

On   the   other  hand,  if  the  shocks    dectricity     If  a  slip  of  gold  or  silver 
be   transmitted  tlirough  a  if  ire  which    leaf  be  placed  on  whi'e  paper,  and  a 
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9i  win  nwirlen       (174.)    Unte  atfaor  emmmtaaoM, 

tfait  poraoa;  this  cleetricity  is  Ibiiiid  to  eieit  a  poiver  ttia 

It  (pnester  division  reverse  of  the  fonner;  for  it  dscomposes 

Bssmg  over  an  ex-  metallic  oxides,  extric^tiiig  their  oxygen, 

■n  over  one  that  is  and  restocmg  them  to  the  metaOie  stat^ 

This  deoxi&king  power  was  known  to 

•  J  ^  i7f _f  •  'a.  several  of  the  ewSer  deetricians.    Bee- 

HiU  qf  Eieeinaty.  caria  reduced  the  oxides  of  tin  and  of 

exerts  a  most  ex-  mercmy  to  their  metallic  state  hy  deo- 

influence  in  efGBct-  tridty.    In  order  to  eflSset  this  duingi^  % 

lemicalcomi^tion  quantity  of  the  oxide  may  he  introdueed 

is  influence  is  most  into  a  g^lass  tuhe,  and  pointed  conducting 

I  in  that  particular  wires  mserted  through  corics  at  the  op- 

ich  is  known  by  the  posite  ends  of  the  tube,  so  that  a  potioD  * 

,  tiiis  subject  will  of  the  oxide  may  lie  between  theoL  Tbm 

idered  in  the  treatise  apparatus  is  then  to  be  plaoed  on  the 

ctrical  scienoe.  For  table  of  the  universal  diseba3fgBr»(§  186,) 

tcontent  oursdves  and   repeated   diocks   are  to  be  sent 

instances,  iUustra-  through  the  oxkie  untfl  its  partial  or 

effiBCts  of  electricity  total  reduction  is  aeoomplidied.    Vet 

whidi  it  has  now  milion,  which  consists  of  sulphur  uid 

r  notice.  mercury,  is  veiy  easily  decomposed  fay 

e  diemical  changes  this  process,  and  Ijy  a  very  modente 

nrfiil  electrical  ex-  charge. 

e  ynerdy  the  efPects       (175.)  VThen  a  suooesnon  of  deetrie 

nrolved  in  that  pro-  discharges  from  a  powerful  dectrio  ma« 

of  metallic  bodies  dune  are  sent  throiu;h  water,  a  deoom- 

nikted  electricity  is  position  of  that  fluia  takes  jdaee,  and  it 

lequently  oxidated ;  is  resolved  into  its  two  demrats  of  oxy- 

lecially  m  the  case  gen  and  hydrogen,  which  immediatdy 

tieen  fused  or  vola-  assume  the  gaseous  form.  This  fact  was 

e  discharge.    It  is  discovered  m  1789,  by  Messrs.  Dionaa, 

itenselv  heated  are  Paetz,  and  Van  TVoostwyck,  wlx>  had 

with  the  oxygen  of  formed  themselves  into  a  society  for  ex« 

U  conse<)uentIy,  to  perimental  researdi  in  Holland;  and  it 

xides ;  it  is  simpler,  completed  the  chain  of  evidence  1^  whieh 

this  effect  in  the  the  great  discovery  of  tiie  composition  of 

use  which  is  known  water,  made  Ave  years  before  oy  Gaven^ 

the  same  moment,  dish,  is  established.     TTie   abovcmeD- 

iar  or  determining  tioned  Dutch  chemists  being  oocupied« 

\    A  multitude  of  in  conjunction  with  Idr.  Cutfibertson,  in 

«cord  in  which  the  investigating  the  effects   of   deebidty 

netels  has  been  ef-  when  passed  throu^  difiSBrent  bodies»    - 

oaions.  Thissubject  were  desirous  of  ascertaining  its  effect 

minute  and  labori-  on  pure  water.    Theyemplojred  for  this 

I  Marum,  by  Cuth-  purpose  an  apparatus  connsting  of  a 

idy  by  Singer.    It  ^ass  tube,  twelve  inches  long  a£i  one- 

ast  experimentalist,  eighth  of  an  inch  in  diameter,  throu^ 

aetals  produced  in  one  end  of  which  a  gold  wire  was  in  * 

consist  of  several  serted,  projecting  about  an  indi  and  a 

different  demes  of  half  within  the  tube ;  that  end  was  then 

re  is  exploded  in  a  hermetically  sealed.    Another  wire  was 

oxide  immediatdy  introduced  at  the  other  end  of  the  tube, 

but  another  portion  which  was  left  open,  and  passed  up- 

1  the  air  for  a  con-  wards,  so  that  its  extremity  came  to  a 

at  length  gnudually  distance  of  ftve-dghths  of  an  inch  from 

Mble  uiat  uus  cir-  the  end  of  the  first  wire.    The  tube  was 

art  account  for  the  then  filled  with  distilled  water*  which 

o^des  produced  in  had  been  freed  from  air  by  an  exodlent 

,  the  open  air,  for  in  air-pump,  and  inv«rted  in  a  vessd  con* 

ion  of  the  (Mudeis  taimng  mercury.    AUttVa  comaMMi  wt 

was  fit  into  tba  top  «lt  Ite  Vo^  vl 
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strong  shock  passed  through  it,  the  spirit  of  wme  be  not  highly  rectified,  H 
metal  wU  disappear  with  a  hriG:ht  flash,  will  i^fenerallv  be  necessary  previously  to 
and  the  impulse  with  which  its  particles  warm  it,  and  tlie  same  precaution  moA 
are  driven  ai^ainst  the  paper  will  produce  l)e  taken  with  other  fluids,  as  oil  snd 
ft  permanent  stain  of  a  purple  or  grey  pitch;  but  it  is  not  required  with  ethrr, 
colour.  Franklin  founa  that  if  the  which  usually  inflames  very  mdihr. 
metallic  leaf  be  placed  between  two  But,  on  the  other  hand,  it  is  to  be  re- 
panes  of  (rlass  iirmlv  tied  together,  the  marked  that  the  temperature  of  the  body 
explosion,  provided  the  glass  withstands  which  communicates  the  spark  appears 
the  concussion,  will  leave  on  each  of  to  have  no  sensible  influence  on  tlie  beat 
its  surfaces  an  indelible  stain,  in  consc-  produced  by  it.  Thus  tlie  sparks  taken 
quence  of  some  of  the  metallic  particles  from  a  piece  of  ice  are  as  capaUe  of  in- 
being  actually  force<I  into  the  substance  flaming  bodies  as  those  from  a  piece  of 
of  the  glass,  and  being  then  inaccessible  red-hot  iron.  Nor  is  the  heating  power 
to  the  action  of  chemical  solvents  applied  of  electricity  in  the  smallest  decree  dimi- 
to  the  surface  of  the  glass.  Sometunes  nishcd  bv  its  being  conducted  throiu^ 
it  is  found  that  these  metallic  stains  any  numfxr  of  freezing  mixtures  whicb 
extend  to  a  ^rreatcr  distance  than  the  are  rapidly  absorbing  heat  from  sur- 
breadth  of  the  piece  of  metal.  It  often  rounding  bodies.  " 
happens,  howcvir,  that  the  pieces  of  (171.)  Light,  as  well  as  heat,  is  emit- 
glass  themselves  are  shattered  to  pieces  ted  during  tlie  electric  dischfux'^  ateveiy 
by  the  discharge.  ])oiut  where  the  circuit  is  either  inter- 
(169.)  The  colours  produced  by  the  ruptetl,  or  is  occupied  by  bodies  of  infe- 
electric  explosion  of  metals  have  been  riur  conducting  powers.  A  moderate 
applied  to  im])ress  letters  or  ornamental  charge  will  produce  a  bright  spark  when 
devices  on  silk  and  on  paper.    For  this  made  to  pass  tlirough  water,  and  tlie 

{)urpose  Mr.  Singer  directs  tliat  the  out-  spark  is  still  more  luminous  in  oil,  alco- 

ine  of  the  renuired  figure  should  be  hoi,  or  ether,  wliich  are  worse  conductors 

first  traced  on  tliick  drawing  paper,  and  than  water :  on  the  contrary,  in  fluids  of 

afterwards  cut  out  in  the  maimer  of  greater  conducting  power  there  is  greater 

stencil  plates.     The  drawing  paper  is  difficulty  of  eliciting  electric  light.   Thiii 

then  placred  on  the  silk  or  pa]ier  intended  a  much  higher  charge  is   recpiired  to 

to  be  marked;  a  leaf  of  gold  is  laid  upon  produce  a  spark  in  hot  uater  than  in 

it,  and  a  card  over  that;  the  whole  is  cold;   a  still  higher  in  saline  solutions; 

then  placed  in  a  pn'ss  or  under  a  weitfht,  and  in  concentrated  acids,  light  c:m  Iw 

and  a  charge  from  a  battery  sent  throuph  obtained  only  when  their  volume  is  >eTy 

tlie  ^old  leaf.    The  stain  is  confined  by  small ;   so  that  it  is  necessary*  for  tluU 

the  interposition  of  the  drawing  paper  to  purjjose,  to  draw  a  line  of  the  acid  upon 

the  limit  of  the  design,  and  in  this  way  a  a  plate  of  ^lass  with  a  camel's  hair 

profile,  a  flower,  or  any  other  outline  pencil.  This  is  illustrated  liy  the  follow- 

figurc  may  be  ver}'  neatly  impressed.  ing  experiment  mentioned  by  Singer. 

(170.)  Tlie  heat  evolved  by  electricity.  Draw  a  line  with  a  pen  dipped  in  water 

like  most  other  of  its  effects,  is  in  pro-  on  the  surface  of  a  slip  of  glass  ;  place 

portion  to  the  resistances  opposed  to  its  one  extremity  of  the  line  in  contact  with 

passage.  The  less  the  conducting  power  the  coating  of  a  I^yden  jar,  and  at  six 

of  a  metal,  the  greater  is  the  portion  of  inches  distance  upon  the  line  place  one 

it  wliich  the  same  shock  can  ignite  or  knob  of  the  discharging  rod  ;  when  the 

destroy.    A  rod  of  wood  of  considerable  jar  is  fully  charged,  bring  the  other  ball 

thickness  being  made  pjul  of  the  circuit,  of  the  discharger  to  the  knob  of  the  jar, 

has  its  temperature  sensil)ly  raised  )iy  a  and  the  discharge  will  take  place  himi- 

veiy  few  discharges.     Most  conibustil)le  nously  over  the  six  inches  of  water.  Next, 

botfies  are  capable  of  ))cing  inflamed  by  trace  a  Une  with  a  jyen   dipped  in  siil- 

eleclricity,  but  more  especially  if  it  be  phuric  acid  on  a  slip  of  glass,  as  in  tlrt 

made  to  strike  against  tiiem  in  the  form  former  experiment,  and  place  one  exlre- 

of  a  spark  or  shock  obtainetl  by  an  in-  niity  of  it  in  contact  with  tlie  outskle  of 

terrupted  circuit,  as  by  the  interi>osition  the  jar  ;,the  ball  of  the  discharger  may 

of  a  stratum  of  air.      In  this  wav  may  tlien  be  placed  on  the   class   at"  twehe 

alcohol,  ether,  camphor,  i)0wileretl  resin,  inches  distance,  and  the   electric  fluid 

phosphorus,  or  gunpowder   be  set  fire  will  pass  as  brilliantlv  over  that  inten«l 

to.     riie  inflammation  of  oil  of  turpen-  as   over  the   six  indies   of  water.    In 

tine  will  be  promoted  by  strewing  upon  either  of  tliese  experiments,  if  the  Ime  flf 

it  fine  particles  of  brass  filings.    If  the  fluid  lx>  widei'  in  any  particular  part,  tlM 
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light  of  the  discharge  will  appear  less        (174.)    Under  other   circumstances, 

brilliant  in  passing  that  portion ;  this  electricity  is  found  to  exert  a  power  the 

must  arise  from  the   ^ater  division  reverse  of  the  former ;  for  it  decomposes 

of  the  fluid  when  passmg  over  an  ex-  metallic  oxides,  extricating  their  oxygen, 

tended  conductor  than  over  one  that  is  and  restoring  them  to  the  metallic  state? 

narrow.  This  deoxidating  power  was  known  to 

*  «  ^r  1  TUT  M     j'T?f   J     'A^  several  of  the  earlier  electricians.    Bec- 

$  3.  Chemical  Effects  of  Elecirtctiy.  caria  reduced  the  oxides  of  tin  and  of 

(172.)  Electricity  exerts  a  most  ex-  mercury  to  their  metallic  state  by  elec- 
tensive  and  important  influence  in  effect-  tricity.  In  order  to  effect  this  change,  a 
ing  changes  in  the  chemical  composition  quantity  of  the  oxide  may  be  introduced 
of  bodies ;  but  as  this  influence  is  most  into  a  ^lass  tube,  and  pointed  conducting 
conspicuously  exerted  in  that  particular  wires  inserted  through  corks  at  the  op- 
mode  of  agency,  which  is  known  by  the  posite  ends  of  the  tube,  so  that  a  portion 
name  of  Galvanism^  this  subject  will  of  the  oxide  may  lie  between  them.  This 
more  properly  be  considered  in  tlie  treatise  apparatus  is  then  to  be  placed  on  the 
on  that  branch  of  electrical  science.  For  table  of  the  universal  discharger,  ($  1 36,) 
the  present,  we  must  content  ourselves  and  repeated  shocks  are  to  be  sent 
with  adducing  a  few  instances,  illustra-  through  the  oxide  until  its  partial  or 
tive  of  the  chemical  effects  of  electricity  total  reduction  is  accomplished.  Ver 
in  the  forms  under  which  it  has  now  milion,  which  consists  of  sulphur  and 
been  presented  to  our  notice.  mercury,  is  veiy  easily  decomposed  by 

(173.)    Some  of  the  chemical  changes  this  process,  and  liy  a  very  moderate 

consequent  on  powerful  electrical  ex-  charge. 

plosions,  appear  to  l)e  pierel]^  the  effects  (175.)  When  a  succession  of  electric 
of  the  heat  which  is  evolved  in  that  pro-  discharges  from  a  powerful  electric  ma- 
cess.  The  surfaces  of  metallic  bodies  chine  are  sent  through  water,  a  decom- 
through  which  accumulated  electricity  is  position  of  that  fluid  takes  place,  and  it 
made  to  pass  are  frequently  oxidated ;  is  resolved  into  its  two  elements  of  oxy- 
this  is  seen  more  especially  in  the  case  gen  and  hydrogen,  wliich  immediately 
of  wires  that  have  l)een  fused  or  vola-  assume  the  gaseous  form.  Tliis  fact  was 
tilized  by  the  electric  discharge.  It  is  discovered  in  1789,  by  Messrs.  Dieman, 
known  that  metals  intensely  heated  are  Paetz,  and  Van  Troostwyck,  who  had 
disposed  to  combine  with  the  oxygen  of  formed  themselves  into  a  society  for  ex- 
the  atmosphere,  and,  consequently,  to  perimental  research  in  Holland ;  and  it 
assume  the  state  of  oxides  ;  it  is  simpler,  completed  the  chain  of  evidence  by  which 
therefore,  to  ascribe  this  effect  in  the  the  great  discovery  of  the  composition  of 
present  case  to  a  cause  which  is  known  wator,  made  Ave  years  l)efore  by  Caven- 
to  be  in  operation  at  the  same  moment,  dish,  is  established.  The  abovemen- 
than  to  any  peculiar  or  determining  tioned  Dutch  chemists  being  occupi^, 
agency  of  electricity.  A  multitude  of  in  conjunction  with  Mr.  Cuthbertson,  in 
expenments  are  on  record  in  which  the  investigating  the  effects  of  electricity 
partial  oxidation  of  metals  has  l)een  ef-  when  passra  through  different  bodies, 
kctedl)y  electric  explosions.  This  subject  were  desirous  of  ascertaining  its  effect 
was  prosecuted  witn  minute  and  labori^  on  pure  water.  They  employed  for  this 
ous  attention  by  Van  Marum,  by  Cuth-  purpose  an  apparatus  consisting  of  a 
bertson,  and  more  lately  by  Singer.  It  glass  tube,  twelve  inches  long  and  one- 
u  remarked  by  this  last  experimentalist,  eighth  of  an  inch  in  diameter,  through 
that  the  oxides  of  metals  produced  in  one  end  of  which  a  gold  wire  was  in  • 
this  way  appear  to  consist  of  several  serted,  projecting  about  an  inch  and  a 
distinct  portions  of  different  degrees  of  half  within  the  tube ;  that  end  was  then 
fineness ;  when  a  wire  is  exploded  in  a  hermetically  sealed.  Another  wire  was 
receiver,  part  of  the  oxide  immediately  introduced  at  the  other  end  of  the  tube, 
falls  to  tne  bottom,  but  another  portion  which  was  left  open,  and  passed  up- 
remains  suspended  in  the  air  for  a  con-  wards,  so  that  its  extremity  came  to  a 
aideruble  time,  and  is  at  length  gradually  distance  of  five-eighths  of  an  inch  from 
deposited.  It  is  probable  that  tnis  cir-  the  end  of  the  first  wire.  The  tube  was 
cumstance  may  m  part  account  for  the  then  filled  with  distilled  water,  which 
different  colours  of  oxides  produced  in  had  been  freed  from  air  by  an  excellent 
close  receivers  and  in  the  open  air,  for  in  air-pump,  and  inverted  in  a  vessel  con- 
the  latter  case  a  portion  of  the  oxide  is  taining  mercury.  A  little  common  air 
always  lost  was  tet  into  the  top  of  the  tube,  in 
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order  to  prevent  its  Ix'inc  ])i*okon  ])y  tlie  by  smaller  machines,  and  w  ith  less  mw- 

discharge.     Electrical  shocks  were  then  eiful  excitation  tlian  hail  hitherto  been 

passed   between  the  two  ends  of  the  applied  to  this  object.   Having  procured 

wb-es  through  the  water  in  the  tulx?  by  a  small  wire  of  fine  jEfold,  and  jj^ven  to  it 

means  of  a  l^yden  jar,  which  had  a  as  fine  a  point  as  possible,  he  inserted  it 

square  foot  of  coated  surface.    This  jar  into  a  capillary  glass  tul)e ;   and  after 

was  charged  by  a  ver}-  powerful  double  heating  the  \\xhe,  so  as  to  msJvC  it  adhere 

plate  machine,  which  caused  it  to  dis-  to  the  point,  and  cover  it  in  every  part, 

charge  twenty-five  times  in  fifteen  revo-  he  gradually  ground  it  down,  tin,  with 

lutions.    At  each  explosion  bubbles  of  a  pocket  lens,  he  could  discern  that  tlie 

air  were  formed,  and  rose  to  the  top  of  point  of  the  gold  was  exposed.    When 

the  tube.    As  soon  as  a  sufficient  quan-  sparks  from  a  prime  conductor  of  an 

tity  had  collected  to  leave  the  upper  end  electrical   machine  were   made  to  pa<«s 

of  the  wire  uncovered  by  the  water,  so  through  water  by  means  of  a  point  so 

that  the  shock  had  now  to  pass  through  guarded,  a  spark,  extending  to  Uie  dis- 

a  portion  of  the  mixed  gases,  they  were  tance  of  one-eighth  of  an  inch,  would 

instantly  kindled ;  a  reunion  of  the  ele-  decompose  water  when  the  point  ex- 

ments  took  place ;  water  was  again  form-  posed  did  not  exceed  one  70(jth  of  an 

ed,  and  the  space  they  had  occujiied  was  mch  in  diameter.    With  another  point, 

immediately  nlled  with  fluid  from  below,  estimated  at  one  l.^OUth,  a  successitm of 

so  as  to  restore  every  thing  precisely  as  sparks  one-twentieth  of  an  inch  in  length 

at  the  outset  of  the  experiment.     It  was  afforde<l  a  current  of  small  bubblei  of 

ascertained  by  the  most  decisive  che-  air.    With  a  still  finer  filament  of  goki, 

niical  tests,  that  the  gases  thus  obtained  the  mere  current  of  electricity,  witliout 

consisted  of  a  mixture  of  oxygen  and  any  perceptible  sparks,  evolved  gas  finom 

hydrogen  gases.  water. 

(176.)  it  may  appear  somewhat  para-        (1 78.)  When  a  solution  of  sulphate  of 
doxKal  that  the  same  agent  should,  in  copper  was  subjected  to  the  action  of 
the  course  of  the  same  experiment,  pro-  electricity  l)y  means  of   these   slender 
(luce  at  one    time    decomposition,  and  conducting  wires,  the  metal  was  revived 
at  another  combination  of  the  same  ele-  around  the  negative  wire;    but   upon 
ments.    The  simplest  way  of  reconciling  reversing  the  direction  of  tlie  current  of 
this  apparent  discordance,  is  to  suppose  electricity,  so  that  the  same  wire  now 
that  the  combination  of  the  gases  is  the  became  ixisitively  electrified,  t!ie  copper 
effect  of    the   hea^  evolved  duiing  its  which  had  collected  around  it   was  re- 
forcible    transit    tlirough    an    aeriform  dissolved,  and  a  similar  precipitate  was 
fluid  that  opposes  considerable  resistance  deposited  on  the  opposite  wire,  which 
to  its  passafi:e  ;  while  the  decomposition  was  now  the  negative  one.     Shniliu*  ex- 
of  the  liquid  is  tlie  direct  consequence  of  periments    made   with    other    metallic 
the  agency  of  electricity  when  not  inter-  solutions  were  attended  with  analogous 
fered  with  by  heat.  results  ;  the  negative  wire  always  squ- 

(177.)  Until  lately,  it  was  thought  ne-  rating  oxygen  ifrom  its   combinations, 

cessary  to  employ  powerful   niachini's  the  positive  wire  always  attracting  it, 

and  lana:e  jars  m  order  to  effect  the  de-  and  effecting  its  union  with  the  liases 

composition  of  water  by  electricity,  and  presenteil  to  it.    With  solutions  of  neu- 

thiit  mere  sparksfrom  a  common  machine  tral  salts,  the  alkaline  or  earthy  bases 

were  inadequate  to  accomplish  this  pur-  were  attracted  by  tlie  negative,  while  the 

pose.  That  there  is  in  this  respect,  how-  acids  were  attractetl  by  the]H)sitive  wire, 

ever,  no  essential  distinction  in  the  ope-  TIic  experiments  of  Sir  Iluiuphry  Da>y 

rulion  of  those  two  forms  of  electrit-ity  have  confirmed  these  results  as  far  as 

lias   lK»en   satisfactorily   shown  by   Dr.  concerns  the  chemical  action  of  common 

Wollaston.     This  distinguished  i)hiloso-  electricity  ;  but  as  this  is  a  subject  which 

plur,  perceiving,    with  nis  accustonieil  bears  more  immediate  relation  to  chc 

Kngaeily  and   i)enet ration,  that   the  de-  mistrv  and  to  galvanism,  it  would  not 

composition  would  depend  on  duly  pro-  Ihj  right  to  enlarge  upon  it  in  IhepreMiit 

portioning  the  strenyth  of  the  charge  to  treatise.. 

the  quantity  of  water,  ami  that  the  quan-         (1 7'J.)  Tlie  magnetic  efiV-cts  of  ekv- 

tity  exposed  to  its  action  at  the  surface  tricity  will  likewise  form  the  subji-ct  ol  a  '| 

of  communication  depends  on  the  extent  distinct  treatise,  as  they  now    conslituie  J 

of  that  surface,  infeiredthat  by  reducing  a  new  branch  of  science,  under  the  tili}  ^ 

the  surface  of  communication  the  de-  of  ELECTtto-MAGXETisji. 
compositioti  of  water  might   be  e Heeled  *i 
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»^        -«...,  ^  .     f  tnent  in  passing  from  the  surface  of  one 

tA.Effectto/EleclrtctiifypanAmmals.  ^^^^  ^^  another,    at  the  parts  where 

(180.)  HavinjB:  seen  that  the  eifects  the  continuity  of  substance  is  inter- 
of  electricity  on  inanimate  matter  are  of  rupted  by  the  joints,  this  circumstance 
various  kinds,  we  shoi^d  be  led  to  ex-  explains  why  the  shock  is  often  more 
pect  that  its  operation  on  living  bodies  especially  felt  at  the  joints  than  in  anv 
would  be  still  more  complicated ;  for  in  other  part  of  a  limb.  But  if  the  shock 
addition  to  its  mechanical  and  chemical  be  directed  more  particularly  throu^ 
agencies,  it  can  hardly  fail  of  exerting  muscles,  its  effects  are  chiefly  shown  by 
considerable  influence  on  the  living  exciting  a  convulsive  and  involuntary 
powers,  and  more  especially  on  the  action  of  those  muscles.  This  is  often 
functions  of  the  nervous  system.  It  is  ol)served  to  take  place  in  a  paralysed 
unnecessary  to  describe  the  sensations  hmb,  when  electnc  shocks  are  sent 
excited  in  tne  body  by  receiving  electric  through  it,  although  the  nerves  of  the 
sparks  or  shocks,  smce  most  persons  limb  are  at  the  time  incapable  of  con- 
in  the  present  day  are  famiUar  with  veying  the  impressions  which  produce 
tliem.  It  b  curious,  however,  to  take  sensation.  Mr.  Morgan  states,  that  if 
a  retrospective  view  of  the  mode  in  the  diaphragm  he  included  in  the  circuit 
which  the  effects  of  the  Le/den  phial  of  a  coated  surface  of  two  feet  in  extent, 
were  announced  to  the  world,  on  their  fully  chaiced,  the  sudden  contraction  of 
first  discovery.  The  philosophers  who  the  muscles  of  respiration  will  act  so 
first  experienced,  in  tneir  own  person,  violently  upon  the  air  in  the  lungs,  as 
the  shock  attendajit  on  the  transmis^on  to  occasion  a  loud  and  involuntary 
of  an  electric  discharge,  were  so  im-  shout ;  but  if  the  char^  be  small,  a  fit 
pressed  with  wonder  and  with  terror  by  of  convulsive  laughter  is  induced,  pre- 
this  novel  sensation,  tiiat  they  yfroie  the  senting  a  most  ludicrous  exhibition  to 
most  ridiculous  and    exaggerated  ac-  the  by-standers. 

count  of  their  feelings  on  tiie  occasion.        (182.)   It  is  on  the  nervous  system, 
Muschenbroek  states,  that  he  received  however,  that  the  most  considerable  ac- 
so  dreadful  a  concussion  in  his  arms,  tion  of  electricity  is  exerted.    A  strong 
shouUier,  and  heart,  that  he  lost  his  charge  passed  through  the  head,  gave 
breath,  and  that  it  was  two  days  before  to  Mr.  Singer  the  sensation  of  a  violent 
he  could  recover  from  its  effects;  he  but  universal  blow,  and  was  followed 
declared  also,  that  he  should  not  be  in-  by  a  transient  loss  of  memory  and  in 
duced  to  take  another  shock  for  the  distinctness  of  vision.    If  a  charge  be 
whole  kingdom  of  France.    Mr.  Alle-  sent  through  the  head  of  a  bird,  its 
mand  reports,  that  the  s^ock  deprived  optu;  nerve  is  usually  injured  or  de- 
him  of  breath  for  some  minutes,  and  stioyed,  and  permanent   blindness  in- 
aflerwards  produced  so  acute  a  pain  duced:   and  a  similar  shock  given  to 
alon^  his  right  arm,  that  he  was  appre-  larger  animals,  produces  a  tremulous 
hensive  it  might  be  attended  with  seri-  state  of  the  muscles,  with  general  pros- 
ous  conseciuences    Mr.  Winkler  informs  tration  of  strength.    If  a  person  who  is 
us,  that  it  threw  his  whole  body  in*o  standing  receive  a  charge  through  the 
convulsions,  and  excited  such  a  ferment  spine,  he  loses  his  power  over  the  mus- 
in  his  blood,  as  would  have  thrown  him  cles  to  such  a  degree,  that  he  either 
into  a  fever,  but  for  the  timely  employ-  drops   on    his   knees,    or   falls    pros- 
ment  of  febrifu^  remedies.    He  states,  trate  on  the  ground ;  if  the  charge  be 
that  at  another  time  it  produced  copious  sufiiciently  powerful,  it  will  produce  im- 
bleeding  at  the  nose ;  the  same  effect  mediate  death,  in  consequence,  probar 
was  produced  also  upon  his  lacW,  who  biy,  of  the  sudden  exhaustion  of  the 
was  almost  rendered  incapable  or  walk-  whole  energy  of  the  nervous  system, 
ing.    These  strange  accounts  naturally  Small  animals,  such  as  mice  and  spar- 
excited  the  attention  and  wonder  of  all  rows,  are  mstantly  killed  by  a  shock 
classes  of  people ;  the  learned  and  the  fix)m  thirty  sauare  inches  of  ^lass.  Van 
vulgar  were  equally  desirous  of  expe-  Marum  found  that  eels  are  irrecovera- 
rieacing  so  singular  a  sensation,  and  bly  deprived  of  life  when  a  shock  is  sent 
great  numbers  of  half-taught  electri-  through  their  whole  body;    but  when 
cians  wandered  throufjh  every  part  of  only  a  part  of  the  body  is  included  in 
Europe  to  gratify  this   universal  cu-  the  circuit,  the  destruction  of  irritability 
riosity.  is  confined  to  that  individual  part,  while 
(181.)  As  it  is  probable  that  the  elec-  the  rest  retains  the  power  of  molicm 
trie  fluid  meets  with  greater  impedi-  Different  persons  are  affected  in  yay 
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diiltprent  degrees  by  electricity,  accord  the  functions  of  the  general  sysfem. 
ing  tc  their  peculiar  constitutional  sus-  Accordingly  we  find,  that  at  one  period 
ceptibilit}^.  Dr.  Young  remarks,  that  electricity  was  in  Rreat  repute  as  an 
a  very  minute  tremor,  communicated  to  efficacious  remedy  in  a  number  of  dis- 
the  most  elastic  parts  of  the  body,  in  eases ;  but  at  i>resent  it  is  seldom 
particular  to  the  chest,  produces  an  agi-  employed  except  m  a  very  few.  It  is 
tation  of  the  nerves,  which  is  not  wholly  not  unfrequently  had  recourse  to  in 
unlike  the  effect  of  a  weak  electricity.  palsy,  contractions  of  the  limbs,  rheu- 
.  (183.)  The  bodies  of  animals  killed  matism,  St.  Vitus's  dance,  and  some 
by  electricity,  rapidly  undergo  putrefac-  kinds  of  deaihess,  and  impaired  vision ; 
tion,  and  the  action  of  electricity  upon  it  has  also  been  applied  to  discuss  tu* 
the  flesh  of  animals  is  also  found  to    mours,  to  remove  obstructions^  and  to 

accelerate  this  process  in  a  remarkable  relieve  pain. 

degree.    The  same  effect  has  been  ob-        (186.)   Electricity  may  be  adminis- 

served  in  the  bodies  of  persons  de-  tered  medicinally  in  four  diffisrent  ways, 

stroyed  by  lightning.    It  is  also  a  well-  Tlie  first  and  most  gentle  is  under  the 

established  fact,  that  the  blood  does  not  form  of  a  continued  stream,  or  ovra  as  it 

coagulate  after  death  from  this  cause.  is  termed,  derived  from  a  wire  orpointed 

(184.)  It  has  not   been    determined  piece  of  wood  connected  with  the  prime 

with  any  decree  of  certainty,  whether  conductor  of  the  machine,  held  bv  an 

electricity,  in  its  ordinary  mode  of  ap-  insulated  handle,  at  the  distance  of  one 
plication,  exerts  any  sensible  influence    or  two  inches  from  that  part  to  whidi  it 

on  the  fimctions  of  the  animal  system,  is  to  be  directed ;  an  impression  is  felt 

'  he  AIjIm';  Nollet  persuaded  himself,  similar  to  a  current  of  air ;  and  in  tlits 
from  the  experiments  he  made  on  man  way  it  may  be  borne  by  parts  of  great 
and  animals,  that  the  perspiration  was     sensibility,  such  as  the  eye.    The  se- 

increased  during  the  time    they  were  cond  model  is  by  directing  sparks  of 

electrified;  and  De  Bozes  had  noticed  various  sizes  to  the  affected  part,  by 

that  the  pulse  was  quickened  under  the  means  of  a  metallic  ball  at  the  extremity 

same  circumstance.    But  Van  Marum,  of  alnrass  rod,  which  is  within  amodei-aie 

on  repeating  these  experiments   in  a  distance  from  the  part ;  or  else  k)y  plac- 

variety  of  ways,  met  with  such  variable  ing  the  patient  on  an  insulating  stuul, 

and  contradictory  results,  that  he  could  and  while  he  is  in  communication  with 

deduce  from  them  no  satisfactory  con-  the  prime  conductor  of  the  machine, 

elusion  respecting  the  real  operation  of  taking  sparks  from  him  by  another  per- 
eli>ctricity ;  and,  indeeil,  if  we  take  into  son  with  a  metallic  ball  at  the  end  of  a 
account  the  powerful  influence  which  rod  which  he  holds  in  his  hand.  The 
the  imagination  exerts  on  most  persons     size  and  intensity  of  the  spark  will,  of 

who  are  the  subjects  of  such  experi-  course,  be  regulated  by  the  distance  at 
incnts,  as  well  as  on  those  who  witness  which  the  ball  is  placed  from  the 
them,  there  appears  but  little  chance,     body,  provided  the  machine  be  steadily 

amidst  such  multiplied  sources  of  fal-  worked.    The  third  mode  is  that  by 

buy,   of  arriving    at  the  fruth.     The  shocks  from  the  discharge  of  a  Le}den 

only  general  fact,  perhaps,  which  ap-  phial,  which  is,  of  course,  the  mosl  se- 

peai-s  to  be  estabhshed,  is  that  elec-  vere  and  painful  method  of  applying 

tricity  acts  as  a  stimulant  both  to  the  electricity.    Great  caution  is  requited 

muscular  and  the  nervous  systems.  against  the  indiscriminate  application 

(185.)  When  the  energetic  effects  of  of  this  last  method,  which  is  not  wholly 
the  shock  from  the  T,eyden  phial  were  tree  from  danger.    The  fourth  male  is 
first  made  known,  the  most  sanguine  by  Galvanism,  hereafter  to  be  noticed, 
expectations  were  immediately  raised,  ,        ^^  -  ^.       .  . 
that  electricity  would  prove  an   agent  i  ^'  Wcc^  of  Elpctnctty  upon  lege- 
of  considerable   power  in  tlie  cure  of  tables, 
diseases.    It  was  supposed  that  as   a        (187.)  It  has  also  been  imagined  that 
stimulant,  if  would  have  many  advan-  electricity  acts  as  a  stimulus  to  vegetable 
tapes  over  other  remedies;  for  it  can  life:  and  many  fanciful  projects  of  im- 
be  administered  in  various  degrees  of  provements  in  horticulture  by  the  vd 
intensity,  which  may  be  regulated  with  of  artificial  electricity  have  been  enter- 
great  exactness ;    and  its  application  tained.     It  is  needless,  however,  to  en- 
can  be  directed  especially  to  the  organ  large  upon  these  visionary  speculations, 
we  Wish  to  afi'ect,  and  can  be  limited  to  the  fallacy  of  which  has  becai  sufficiently 
that  organ,  so  as  not  to  interfere  with  shown  by  the  late  Dr.  Ingenhous,  wha 
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upon  the  most  aceurate  inquiry,  found  feeble  dectridtv  exerts  no  perceptiMe 
that  the  vegetation  of  plants  was  in  no  influence  on  either  animal  or  vegetable 
sensible  degree  either  promoted  or  re-  life :  but  when  transmitted  in  powerful 
tarded  by  common   efectricity.     The  shocks,  its  destructive  effects  are  simi- 
experiments  of  Van  Marum,  nowever,  lar  to  those  which  are  produced  by 
in  which  be  found  that  electricity  in-  li^tning. 
creased  the  evaporation  of  plants,  ap- 
pear to  be  entitled  to  some  confidence ;  Chaptbr  XII. 
out  still  the  effect  obserred,  may,  as  he  InstrumenU  adoqpted  to  collect  weak 
himself  remarks,  have  been  occasioned  Electricity. 
by  the  increased  current  of  air  from  tiie  (191  )  Before  we  proceed  to  consider 
parts  of  the  electrified  leaves.     His  the  developement  of  electricity  under 
observations  on  the  mfluence  of  elee-  various  circumstances,  it  will  be  proper 
tncity  on  the  sensitive  plant,  (Aftmota  to  give  a  description  of  several  uistru- 
pudicad  deserve  also   to  be    notiwd.  ments  which  have  been  contrived  for 
The  Here  anproach  of  an  electrified  the  purpose  of  coUecting  and  exhibitimr 
conductor,  whether  charged  with  posi-  ^^  &rees  of  electricity,  that  would 
tive  or  negative  dectncity,  produced  no  otherwise  escape  detection.    AU  these 
effect  upon  the  plant ;  but  when  sparics  instruments  derive  their  eflkacy  from 
were  taken  from  it,  the  leaves  collapsed,  the  principle  of  electric  induction ;  and 
just  as  thejr  would  have  done  l>y  con-  their  mode  of  operation  wiU  be  be&t 
cussions  of  a  mechanical  natore,  and  m  understood  by  previously  dhwting  our 
other  respects  the  plant  underwent  no  attention  to  the  dectropfaorus. 
change.    In  the  Hedyearum  gyrone,  a  (192.)   The  instrument   termed  the 
plant  remarkable  for  the  continual  ro-  Electrtmhorui  was  invented  about  the 
tatory  motions  of  its  leaves,  electricity  year  1774  by  Professor  Volta,  a  name 
appeared  to  have  no  sensible  influence  ^hich   is    associated  with  many  im- 
either  in  accelerating  or  retarding  these  portant  discoveries  in  the  science  of 
movements.                  ^  t.    ,    .,_        ^  electridty.    It  consists  of  three  parts : 

(188.)  The  passage  of  shocks  through  the  essential  part,  which  suppli^  the 
living  plants  immediately  destroys  the  electricity,  being  a  cake  of  some  electric 
vitality  m  the  parts  through  which  the  substance,  (E,ng.  39,)  such  as  sulphur, 
shock  has  been  sent    It  is,  mdeed,  very  ^.                          r      » 
easy  to  kiU  plants  by  means  of  elec-  ^K?-  3^- 
trieity.     A  very  small  shock,  according 
to  Cavallo,  sent  through  the  stem  of  a 
balsam,  is  sufficient  to  destroy  it.    A 
few  minutes  after  the  passage  of  the 
shock,  the  plant  droops,  the  leaves  and 
branches  become  flaccki,  and  its  life 
ceases.    A  small  I^yden  phial,  contain- 
ing six  or  eight  square  inches  of  eoat^ 
surface,  is  ^nerally  sufficient  for  this 
purpose,  which  may  even  be  efi^ected  lyy  -gum  lac,  sealing-wax,  pitch,  or  other 
means  of  strong  sparks  from  the  prime  resinous  composition ;    this  is  melted 
conductor  of  a  lar^e  electrical  machine,  on  a  conducting    plate  6,  called  the 
The  charge  by  which  these  destructive  sole,  which  is  formed  with  a  rim  to 
effects  are  produced,  is  probably  too  contain  it,  and  the  fluid  then  allowed 
inconsiderable  to  burst  the  vessels  of  to  congeal.    The  third  part  of  the  ap- 
the  plan^  or  to  occasion  any  material  paratus  consists  of  a  curcular  metalfia 
derangement  of  its  organization ;  and,  plate  C,  provided  with  an  insulating 
accordingly,  it  is  not  found,  on  minute  handle  fixed  upon  its  upper  surface, 
examination  of  a  plant  thus  killed  by  This  is  called  me  cover;  and  is  some- 
electricity,  that  either  tlie  internal  vet-  times  made  of  wood,  covered  on  all 
sels  or  any  other  parts  have  sustained  skies  with  tin-foil  well  rounded  at  the 
perceptible  injury.  edges  to  prevent  the  dispersion  of  elec- 

(189.)  It  appears  from  the  ezperi-  trieity.  In  order  to  bring  the  apparatus 

inents  of  Mr.  Achard,  that  ths  fermen-  into  a  state  of  activity,  the  sur^M^  of 

tation  of  vegetable  matter  is  accelerated  the  dike  is  excitid  by  friction  with  ftir 

by  dectriotT.  or  flannel,  and  is  thus  rendered  negft- 

(190.)  The  general  conclusion  de-  tively  deetrical.    The  cover,  hdd  by  its 

ducible  from  these  inquiries  ia,  that  inmlating  handk,  must  now  be  placed 

s  2 
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on  the  cake :  in  this  situatiim  it  does  received  from  the  substance  to  be  tried 
not  come  sufficiently  in  contact  with  by  the  first  plate,  acts  by  induction  on 
the  cake  to  receive  its  electricity,  but  the  second  plate,  and  oceasioM  it  to 
•CQuires  by  induction  an  opposite  state  acquire  the  opposite  electrical  state: 
at  its  lower  surface,  and  a  similar  state  this  latter  state  reacts  upon  the  fint 
at  its  upper;  that  is,  the  cake  beins:  plate,  increasing  its  capacity  for  the 
ne^tive,  the  under  side  of  the  cover  electricity  which  it  had  first  received,  snd 
will  be  positive,  and  the  upper  side  tends  to' accumulate  a  lai^ger  (jiumtity 
neirative.    If,  while  in  tliis  state,  the  in  it,  which  quantity  it  must  derive  from 
upper  negative  surface  be  touched  with  the  substance  with  which  it  communi- 
the  finger,  or  with  any  other  conductor  cates.    This  mutual  action  and  reaction 
communicating  with  the  earth,  a  sparic  continues  till  an  ec^uilibrium  is  attainel 
will  pass  from  the  latter  to  the  cover.  If  the  communication  between  the  siib- 
80  as  to  restore  the  electric  equilibrium ;  stance    tried  and  the   first  plate   be 
the  quantity  of  electricity  thus  super-  broken  off,  and  the  plate  thus  insulated 
added  being  retained  in  tlie  cover  lyy  be  removed  from  the  contiguity  of  the 
tlie    inductive    influence  of  the  cake,  second  plate,  the  accumulated  electricity 
But  when  the  plate  is  raised,  provided  with  which  it  is  chari$ed  will  become 
it  be  hdd  by  its  insulating  handle,  the  evident  upon  its  application  to  an  or- 
action  of  the  cake  being  withdrawn,  the  dinary  electroscope,  such  as  those  de- 
cover  is  found  to  be  charged  with  posi-  scribed  in  $  13  and  14. 
live  electricity,  which  may  be  imparted        (194.)  Various  have  been  the  forms 
to    an  insulated    conductor,   or  to  a  given  to  the  condenser,  aoconding  to 
Leydenjar.    This  opt^ration  may  l)e  re-  the  fancy  of  electricians,  without  any 
peated  an  indefinite  number  of  times,  change  in  the  principle  on  which  it 
since  the  electricity  of  the  cake  con-  acts.    In  general,  the  two  plates  are 
tinues  unimpaired  during  the  process,  merely  sejmnited  by  a  thin  stratum  of 
and  thus  may  a  charge  be  communi-  air.     Sometimes    their    surfiices  are 
cated  to  the  jar  of  an  intensity  equal  to  covered  with  a  non-conduct in{^  varnish, 
that  of  the  cover  of  the  electrophorus  which  prevents  any  communication  of 
when  raised.    The  instrument  has  been  electricity  firom  thie  one  plate  to  the 
known,  indeed,  to  retain  its  power  un-  other,  while  it  allows  of  a  very  near  ap- 
diminished  for  months,  and  may  there-  proach  of  the  plates  to  each  other;  but 
foi*e  be  rei^arded  as  a  sort  of  ma£:azine  this  method  is  liable  to  objection,  fi-om 
of  electricity.     It  is  obvious,  that  if  tlie  the  permanent   electricity    which    the 
cover  were  simply  placed  on  the  cake,  varnish  sometimes  contracts  by  friction, 
and  again    raised  without    previously  and  which  may  interfere  with  the  re- 
touching it,  it  would  then  exhibit  no  gular  operation  of  the  instrument.  One 
sign  of  electricity.    If  the  sole  of  the  of  the  most  convenient  forms  is  that  of 
electrophorus  be  insulated,  a  spark  may  the  condensing  electrometer,  {/ig.  40.) 
be    obtained  from  it,   when   the  cake  p^'g,  40. 
has  been  excited ;  and  if  while  placeil  *      ' 
on  the  cake  the  cover  be  touched  with                                "^Afl* 
the  finger,   and  at  the  same  time  th» 
sole  l)e  touched  with  the  thumb,  a  sen- 
sible shock  will  be  felt  in  that  part  of 
the  hand. 

(193.)  Volta  is  also  the  inventor  of 
an  instrument  acting  on  the  same  prin. 
ciple  as  the  electrophorus,  and  which  he 
termed  the  coniienser,  of  which  the 
purpose  is  to  collect  a  weak  electricity, 

spread  over  a  larj^e  surface,  into  a  body  in  which  the  first  plate  of  the  condenser 

of  small  dimensions,  in  which  its  in-  A,  is  fixed  to  the  cap  of  the  gold-leaf 

tensity  will  be  proportionably  increased,  electroscope ;  the  second  plate  B,  which 

and  therefore  become  capable  of  being  communicates    by    a  chain    with    the 

examined.      A    small   metallic    plate,  ground,  being  moveable  round  a  joint    * 

connected  with  the  substance  of  which  C,   and  thus  oapable  of  being  turned    I 

the  electricity  is  to  be  determined,   is  back  and  removed  from  the  first  plate, 

brought  within  a  very  small  distance  of  so  as  to  allow  its  electricity  to  be  m:i- 

another  plate  communicating  with  the  nifested  by  the  divei^nce  of  the  goU 

earth.    The  small  portion  of  electricity  leaves. 

J 
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(195.)  The  instruments  called  DoU'  ous,  vet,  by  a  little  practice,  the  art  is 
biers  we  so  contrived,  that  by  executing  readily  acquired,  ana  the  whole  process 
certain  movements,  very  small  quantities  need  not  occupy  a  minute.  Great  care 
of  electricity  communicated  to  a  part  must  he  taken  in  conducting  these  ex- 
of  the  apparatus  may  be  continually  periments,  not  to  excite  any  dectricity 
doubled,  until  it  becomes  perceptible  oy  the  friction  of  the  fin^r,  or  by  any 
by  an  electroscope.  The  first  invention  other  means,  in  the  vanushed  sides  of 
of  this  kind  was  that  of  Mr.  Bennet,  the  plates.  In  order  to  obviate  this 
which  consists  of  three  brass  plates,  source  of  error,  Cavallo  contrived  a 
which  we  shall  call  A,  B,  and  C.  The  form  of  the  instrument,  that  enabled 
plate  A  has  an  insulating  handle  fixed  the  plates  to  be  brought  within  a  very 
in  its  centre,  whDe  the  plate  B  has  a  small  distance  of  one  another,  vet 
similar  handle  fixed  in  its  circumference,  without  actual  contact,  so  as  to  enable 
The  under  side  of  A,  and  both  sides  of  him  to  dispense  altogether  with  the  em- 
B  are  covered  with  varnish.  The  third  ployment  of  varnish.  But  notwith- 
plate  C  is  also  of  brass,  and  is.  only  standing  every  precaution  of  this  kind, 
varnished  on  its  upper  side,  the  lower  it  is  always  found  that  the  instrument  ex- 
side  communicating  with  the  gold-leaf  hibits  electricity  of  itself,  although  none 
electroscope.  The  body  whose  electri-  has  been  previously  communicated  to 
city  is  to  be  tried,  is  made  to  communi-  it :  so  that  its  indioitions  cannot  be  at 
cate  with  the  under  side  of  the  plate  all  depended  upon  for  the  detection  o^ 
C.  which  touches  the  electroscope,  very  minute  quantities  of  electricity.  It 
while  6  is  placed  upon  C,  and  then  is  unnecessary,  therefore,  to  describe  the 
t«>uched  with  the  finger:  the  communi-  particular  mechanisms  invented  by  Dr. 
cation  with  the  electrified  body  is  then  Darwin,  and  improved  by  Nicholson, 
removed,  and  B  is  hfted  up  by  its  insu-  for  bringing  the  plates  into  the  requisite 
lating  handle.  A  is  then  placed,  by  positions,  and  effecting  in  succession 
means  of  its  handle,  upon  a  thus  ele-  the  necessaiy  contacts,  by  the  simple 
vated.  A  is  then  touched,  and,  after  rotation  of  a  winch,  aided  by  wheei- 
withdrawing  the  finger,  is  separated  work :  instruments  which  have  gone  by 
from  B.  In  this  process  B  acquires  an  the  names  of  the  mov^le,  or  revolving 
electricity  contrary  to  that  of  C ;  and  A  doubier,  and  the  multiplier  of  eleeiri' 
an  electricity  contrary  to  that  of  B,  that  city,  and  which  are  now  superseded  in 
is,  the  same  as  that  of  C.  If  the  plate  practice  by  instruments  more  sensible 
A,  thus  electrified,  he  next  applied  to  and  certain  in  their  operation, 
the  under  surface  of  C,  and  B  be  again 
applied  over  C,  and  touched  with  the  Chaptbr  XIII. 

niUT^r  oo   [W*fjniv  it.  will  bfi   ftc*t^d  iiyiaii 

by  the  electriciti;s  contained  both  iTc    ^^"f^S^^I^^^^^ 

and  A.  and  thus  acquire,  by  induction.  ^/  Temperature  and  of  Form. 

nearly  double  the  quantity  which  it  had  (196.)  Thbrk  are  certain  mineral  bo- 
done  in  the  first  operation.  The  con-  dies,  which,  from  being  in  a  neutral 
sequence  of  this  will  be  that  nearly  all  state  at  ordinary  temperatures,  acquire 
the  free  electricities  of  A  and  C  will  be  electricity  simply  l)y  being  heated  or 
concentrated  in  C.  A  may  now  be  re-  cooled.  This  proper^  is  possessed  only 
moved,  and  after  withdrawing  the  finger  by  regularly  crystallized  minerals ;  and 
from  B,  6  may  also  be  removed,  and  of  these  the  most  remarkable  is  the 
C  will  be  left  with  double  tiie  quantity  tourmalin,  which  is  a  stone  of  consi' 
of  electricity  which  it  had  received  from  derable  hardness,  found  in  many  parts 
tlie  body  with  which  it  was  originally  of  the  world,  and  particularly  in  the 
made  to  communicate.  island  of  Ceylon.    The   Dutch,   who 

If  after  this  duplication  the  electricity  first  l>eoame  acquainted  with  it  in  that 
of  the  plate  C  be  still  too  feeble  to  be  island,  gave  it  the  appellation  of  As* 
indicated  by  the  electroscope,  the  same  ehentrikker,  from  its  poroperty  of  attract  ■ 
series  of  operations  must  be  repeated  ing  ashes  when  it  is  thrown  into  the 
ten  or  even  twenty  times  ;  when  by  fire.  It  appears  firom  the  researches  of 
doubling  it  every  time,  the  amallest  Dr.  Watson,  that  its  attractive  proper- 
conceivable  quantity  of  eleehiehy  must  ties  were  known  to  Theophrastus,  who 
at  last  be  rendered  sensible ;  siiice»  at  describes  it  under  the  name  of  Lymoi^ 
the  end  of  the  twentieth  operation,  it  Hum,  Linnseus  lias  termed  it  the  Im^ 
will  be  augmented  more  than  500,0^0  pit  EUciricuM,  (Electiie  vtone.)  Tht 
times.  Althou^  the  fivquent  repeti-  form  of  its  crystals  is  generally  that  off 
tion  of  the  operations  may  appear  tedi-    a   nine-sided  jnrism,  tcrmmated  by  • 
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three-iided  pyramid  at  one  end,  and  by  crystal  are  truncated,  thai  la,  cut  off  hf 

a  six-^ed  pyramid  at  the  other.    I^-  planes,  while  the  rest  are  either  entnrc^ 

mery  noticed  its  electric  properties  in  or  are  replaced  by  more  than  one  plancp 

the  year  1717;  but  the  first  scientific  it  is  always  the  former  of  these  an|^ 

examination   of  them   was   made    by  that  become  positive,  and   the  latter 

^pinus  in  1756,  and  published  in  the  negative. 

Memoirs  of  the  Berlin  Academy.    He        (198.)  Similar  properties  arepoaaeas- 
found  that  when  a  crystal  of  tourmalin  ed   hy  the  Topaz,   whidi   oonaista   of 
has  its  temperature  raised  to  between  siliceous  fluate  of  alumina ;  ita  eleetrie 
luo^  and  21 2*  of  Fahrenheit,  one  ex-  poles  are  situated  upon  the  two  opposite 
tremity,  which  is  that  terminated  by  the  summits  of  the  secondary  ctygtaL    In 
six-sided   pyramid,   becomes    chained  some  varieties,  Hauy  found  a  aeriea  of 
with  positive  electricity,  while  the  otlier  consecutive  p61es   alternately   positive 
extremiW  is  negative ;  so  as  to  be  capa-  and  negative.    Axinite,  Mesotypet  and 
ble  of  affecting  a  delicate  electroscope.  I^rehnite,  become  electrical  by  the  ap^ 
AVhen  the  stone  is  of  considerable  size,  plication  of  heat :  as  also  the  two  fid- 
flashes  of  light  may  be  seen  along  its  lowing  metallic  oxides,  namdy  Cala- 
surface.    Mr.  Wilson,  who  made  many  mine,  which  is  an  oxide  of  zmc»  and 
experiments  on  this   subject,  observed  Sphene,  or  caloareo-siliceous  oxide  of 
that  a  flat  tourmalin  retained  its  electri-  titanium.     Mr.  Dessaignea  has  latc^ 
city  without  diminution,  after  exposure  shown  that  all  metallic  l>odies  are  capa- 
to  intense  heat  for  half  an  hour ;  but  ble  of  a  feeble  electric  excitation  by 
Canton,  upon  repeating  these  experi-  changes    of  temperature.      It   results 
ments,  did  not  obtain  the  same  result,  from  the  researches  of  Hauy,  that  this 
Hauy    states,  that   very  high  degrees  electrical  property  in  minoral  bodies  is 
of  heat  destroy  the  electricity  of  the  intimately  related  to  the  laws  of  their 
tourmalin.  Afun*  this  has  l)een  effected,  crystallization,  and  also  to  the  direction 
it  recovers  its  electricity  as  it  gradually  in  which  the  light  is  most  readily  trans* 
cools :  but  in  that  case  the  elec&ic  states  mitted  through  them, 
are  cfenerally  reversed;  that  extremity,        (199.)  There  are  a  great  many  tub- 
or  pnffi,  as  it  has  been  called,  which  stances  which    become  electrified   on 
\ras  before  positive,  is  now  negative,  passing  from  the  liquid  to  the  solid 
and  rice  versti.    It  is  only  at  the  sum-  torm.    This  happens  to  sulphur,  gum 
111  its  of  the  pjTamuls,  by  vvliieh    the  lac,  bee's  wax,  and  in  general  all  resi- 
frystal  is  terminated,  that  the  electricity  nous  bodies.  Unless  proper  precautions 
is  manifested  ;    the  intermediate  por-  be  taken,  however,  we  fre<{uently  obtain 
tions  exhibiting  no  sijrn  of  electrical  ex-  no  indications  of  this  electricity,  because 
citation,  unless  the  stone  be  broken  in  it  is  usually  disguued,  that  is,  rendered 
pieces;    and    then  each    frapfment    is  inactive  by  the  opposite  electricity  of 
found  to  possess  a  positive  and  a  ne?a-  the  contiguous   suostances.      Thus,  if 
tive  pole,  like  the  entire  crystal.    Tnis  sulphur  be  melted  over  the  fire  in  an 
fact  bears  a  striking  analogy  to  a  cor-  iron  ladle,  and  then  set  by  to  cool  and 
responding  property   in  magnets.    At  harden,  it  exhibits  no  sign  of  electricity ; 
the  ordinary  temperature  of  the  atmo-  because  the  negative  dectricity  of  the 
sphere,  the  tourmalin  may  be  rendered  sulphur  is  exactly  countcrludanced  by 
electrical  bv  friction.  the  positive  electricity  accumulated  in 
(197.)  There  are  several  other  gems  the  iron  vessel  which  contains  it.    But 
and  crystallized  minerals  which  possess  if  the  sulphur  he  removed  fit)ra  the 
the   same  property  as   the  tourmalin,  vessel,   which  may  be  done  by  again 
The  luminous  appearance  of  some  dia-  heatino:  it  for  a  short  time,  so  as  just 
moiids,   when    heated,   is   ascribed  by  to  m-lt  the  siuface  in  contact  with  the 
Sir  Humphry  Davy  to  their  electrical  iron,  and  allow  of  its  being  detached 
cxciiation.     The  substance  called  the  when  the  ladle  is  inverted,  on  suffering 
Boracite,  composed  of  borate  of  mag-  the  sulphur  to  cool  in  this  situation,  its 
nesia,  which  crystallizes  in  cubes,  having  electricity  becomes  very  apparent     If 
Its  edges  and  angles  defective,  becomes  sulphur  be  melted  in  a  wwie  glass,  ttae 
electrical  by  heat,  and  in  one  variety  conical  shape  of  which  admits  of  its 
presents  no  less  tlian  eight  sides,  alter-  being  taken  out  when  cold,  the  opposite 
nately  in  different  states ;  that  is.  four  electricities  of  the  two  surfaces  wSl  thai 
positive  and  four  negative;  the  onpo-  manifest  themselves,  that  of  the  sulphur 
site  poles  being  in  the  direction  of  the  l)einij  negative,  and  that  of  the  riass 
axes  of  the  crystal.     In  those  varieties  iwsihve  ;   but,  when  the  sulphur  is  i«- 
m  wluch  only  tour  of  the  an;jlos  of  the  placed  in  the  glass,  all  indicatiooi  of 
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iiy    diMppear.    The   electricity    hot  iron,  the  dectncity  was  very  sfronsrly 
«d  by  the  process  of  cooling  was    positive.    This  difference  in  the  rpRiut 

yy  Wilke,  who  first  observed  it,  was  prcM^ly  owing  to  Uie  chemical  de- 

i«oti««/«c/ru:tiy,in  contradistinc-  composition  of  the  water  in  the  latter 

that  which,  originating  fW>m  experiment,  a  circumstance  which,  as 

he  called    excited  electricity,  we  shall  presently  see,  is  itself  a  somx» 

'arum,  however,  attributes  the  of  electricity.    It  is  principally  on  ac* 

ty  developed  by  the  separation  count  of  the  interference  of  chemical 
two  substances,  to  a  species  of    actions  with  the  regular  operations  of 

;  for  he  remarks,  that  the  electri-  temperature,  and  of  the  complications 

s  not  manifest  itself  till  the  sul-  introduced  by  electric  induction,  that 

^ns  to  contract  in  the  act  of  con-  experiments  on  ttiis  subject  have  hither- 

,  and  that  it  attains  its  maximum  to  presented  such  anomalous,  and,  appa« 

3int  of  the  greatest  contraction,  rently,  discordant  results. 
>    It  is  reasonable  to  suppose 

eitever  change  was  produced  in  p»am».   vnr 

Jtrical  state  W  congdation,  the  ^hafti*  jliv. 

would  be  produced  by  Uquefac-  Devdopemmt  of  Electricity  by  Contact, 

Ve  M;e  not  aware  of  any  ex-  Con^eeeion,  and  oth^  ^hanical 

ts  which  bear  direcUy  upon  this  Chtmg^ee  in  Bodiee,  andaleoby  t/ieir 

^,^                       . ,    ,.     .  Chemical  Action. 
The  conversion  of  bodies  mto 

e  of  va];)our,  as  well  as  the  con-  (203.)    It  had   long  l)een   suspected, 

n  of  vapour,  is  generally  attend-  rather  than  proved,  tnat  a  feeble  degree 

me  alteration  of  their  electrical  of  electricity  is  evolved  by  the  contact 

n;   and  the  bodies  in  contact  or  collision  of  different  metals:  but  this 

;  vapour  are  thereby  rendered  important  fact  was   established  in  the 

I.    Thus,  if   a  plate  of  metal  clearest  manner  l)yVolta,  about  the  year 

heated  be  placed  upon  a  gold-  1801.    The  apparatus  he  employed  in 

troscope,  and  water  be  dropped  his  inyestigations  on  this  subject  con- 

e  plate,  at  the  moment  the  va-  sisted  of  two  discs,  the  one  of  zinc,  the 

;s  the  leaves  of  tlie  electroscope  other  of  copper,  fjlg,  4 1,)  rather  more 

with  negative  electricity.    Tne 

fact  was  noticed  by  Laplace,  Flfg,  41. 

r,  and  Volta,  in  the  year  1781 ; 

found  to  extend  both  to  solids 

liquids  pasning  into  a  gaseous 

De  Saussure  made  an  extensive 

f  experiments  on  the  ebullition 

'  and  other  fluids,  with  a  view 

ain  the  degree  and  kind  of  elec- 

evelopcd  during  this  process,  than  two  inches  in  diameter,  ipround 

stigations  of  this  kind  are  at-  perfectly  plane,  and  having  in  their  cen- 

vith  great  difficulty,  from  the  tres  insulating  handles  perpendicular  to 

e  of  minute  circumstances  which  their  surfaces,  by  means  of  which  the 

i  to  affect  the  results.;  and  we  plates  could  be  brought  into  contact, 

gly  find,  that  dif{<erent  experi-  without  being  actually  touched  with  the 

the  same  kind  often  afford  the  hand.    With  this  precaution  the  discs 

)Osite  conclusions.  were  made  to  approach  till  they  touched 

In  general  it  is  found,  that  the  one  another ;  they  were  then  separated, 

tion  of  water  by  simple  ebulli-  by  keeping  them  parallel  as  they  were 

luces  negative  electricity  in  the  drawn  back.    The  electricity  they  pos-- 

g  fluid,  or  vessel  which  con-  sessed  after  this  separation  was  then 

Uie  vapour  itself  being  positive,  examined  by  means  of  the  condenser  ; 

lontrary,  when  aqueous  vapour  and,  that  the  effects  might  be  rendered 

ised  into  water,  it  becomes  ne-  more  distinct,  the  elecficity  produced 

>Aving  the  bodies  with  which  it  by  a  number  of  successive  contacts, 

in  contact  in  a  state  of  positive  (taking  care  to  restore  the  discs  to  the 

f»    Yet  in  some  of  De  Saus-  neutnd  state  aflcr  each  contact,)  was 

xperiments,  when  the  heat  was  accumulated  in  the  same  condenser.    It 

icated  to  a  quantity  of  water  was  constantly  found  that  the  copper 

i  in  an  insulated  metidlic  ves-  disc  charged  the  condenser  with  negm* 

arowing  into  it  a  mass  of  red-  tive,'  and  Die  zinc  disc  with  positive  eteoi- 
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tricity.    Thus  it  was  established  as  a  many  other  substances,  such  as  coilt. 

general  fact,  that  these  two  metals,  m-  bark,  haini,  paper,  and  wood,  posscM 

sulated,  and  in  their  natural  state,  are  the  property  of  producing  electricity  bj 

broc^{:ht,  by  mutual  contact,  into  oppo-  compression. 

site  dectrical  states ;  the  zinc  acqumni;  (2U6.)  Many  substances,  wlien  re- 
positive  electricity,  and  the  copper  be  duced  to  powder,  exhibit  ^ectricity,  if 
coming,  in  an  equal  degree,  negative.  they  are  made  to  fall  upon  an  insulated 

(204.)  No  explanation  has  yet  been  metallic  plate.  This  fact  was  first  no- 
given  of  this  curious  fact,  which  seems  ticed  l)y  Mr.  Bennet,  after  he  had  in- 
to be  at  variance  with  all  the  previously  vented  his  gold-leaf  electroscope.  He 
ascertained  laws  of  electric  equilibrium,  found  that  powdered  chalk,  put  into  a 
The  transfer  of  electricity  from  one  me-  pair  of  bellows,  and  blown  upon  the  cap 
tal  to  the  other  during  their  contact,  im-  of  the  electroscope,  communicates  to  the 
plies  the  operation  of  some  new  force  instrument  positive  electricity,  when  the 
which  no  tlieory  has  yet  embraced,  pipe  of  the  bellows  is  about  six  inches 
While  the  contact  is  preserved,  neither  from  the  cap ;  but  the  same  stream  of 
of  the  metals  gives  any  indication  of  its  powdered  chalk  electrifies  it  negatively 
electiical  state,  the  electricity  being  dis*  at  the  distance  of  three  feet.  On  beinir 
guised;  as  would  be  the  case  of  that  of  blown  in  a  more  copious  stream  from  ft 
tlie  coatings  of  a  Leyden  jar,  if  we  could  pair  of  bellows  without  the  pipe,  the 
suppose  them  both  in  actual  contact,  electricity  is  always  negative;  and  the 
but  yet  incapable  of  allowing  any  trans-  same  efrect  takes  place  when  the  powder 
fer  of  the  electricity  from  tlie  one  to  the  is  let  fall  from  another  plate  upon  the 
other,  so  as  to  restore  both  to  the  state  cap  of  the  instrument,  lliis  subject  was 
of  neutrality.  pursued  by  Cavallo ;  but  the  most  com- 

We  shall  have  occasion  to  resume  the  plete  set  of  experiments  relating  to  it  is 

consideration  of  this  curious  subject  in  that  of  Singer,  who  employed  in  lus  re- 

the   treatise  on   Galvanism,  with  the  searches  the  two  followmg  methods: 

theory  of  which  it  appears  to  have  an  first,  that  of  sifting  the  powders  on  the 

intimate  relation.  cap  of  a  delicate  electrometer  through  a 

(2U6.)  Tliere  are  some  bodies  which  fine  sieve,  which  was  thoroughly  cleaned 

are  rendered  electrical  b^  pressure.  This  after  each  operation ;  and  secondly,  that 

property  is  possessed  in  the  most  re-  of  bringing  an  insulated  copper  pUte 

markable  decree    by    tliat  transparent  rep 'atedly  in  contact  with  extensive  sur- 

viiriety  of  carbonate  of  lime  which  is  faces  of  the  powders  spread  on  a  dry 

known  by  the  name  of  Iceland  spar,  sheet  of  pai)er ;  the  copper  plate  beim; 

According  to  Hauy,  if  a  crystal  of  this  brought  m  contact  with  the  condeusiT 

spar,  which  has  the  form  of  a  rhomboid,  after  every  repetition  of  the    contact, 

lie  held  in  one  hand  by  two  of  its  op])o-  until  a  sufficient  charge  was  communi- 

site  edges,  and  if  at  the  same  time  two  cated. 

of  its  parallel  planes  be  lightly  touched  (207.)  Tlie  following  substances,  ac- 
hy two  fingers  of  the  other  hand,  and  cording  to  Singer,  produce  m^gati^e 
then  brought  near  to  the  small  needle  of  electricity  when  sifted  on  the  cap  bi  the 
theelectroscope,(j  12)  a  decidedattrac-  electrometer:  viz,  copper,  iron,  zinc, 
tion  will  be  {H>rceptible.  By  applying  a  tin,  bismuth,  antimony,  nickel,  black 
more  poweriful  pressure,  the  electrical  lead,  hme,  magnesia,  busies,  strontiles, 
eifects  will  be  still  more  considerable ;  alumine,  silex,  brown  oxide  of  copper, 
the  electricity  being  in  all  cases  positive,  white  oxide  of  arsenic,  red  oxide  of  lead, 
Ilauy  observes  that  this  property  resides  litharge,  white  lead,  red  oxide  of  iron, 
principally  in  those  crystalline  minerals  acetate  of  copper,  sulphate  of  copper, 
that  are  capable  of  l)eing  reduced  by  sulphate  of  soda,  phosphate  of  sodn, 
mechanical  division  to  plane  and  smooth  carl)onate  of  soda,  carbonate  of  ain- 
laminae :  such  as  the  Topaz,  especially  monia,  carbonate  of  potash,  carbonate 
the  colourless  variety  ;  Emlase,  Arra-  of  lime,  muriate  of  ammonia,  common 
gonite,  Fluate  of  lime,  and  Carbonate  of  pearl-ashes,  boracic  acid,  tartaric  aciiJ, 
lead.  Among  those  substances  in  which  cream  of  tartar,  oxymuriate  of  potasli. 
friction  excites  negative  electricity,  thoie  pure  potash,  pure  soda,  resin  sulphur 
are  some  which  require  only  to  be  sulphuret  of  hnie,  starch,  orpiment. 
pressed,  for  the  production  of  the  same  (2U8.)  The  following  substances  pro- 
effect.  An  instance  occurs  in  elastic  duce  positive  electricity  under  the  saju«  : 
bitumen,  when  it  hai  been  cat  into  a  circumstance :    viz.  wheat   flour,  oat- 

Srouer  shape  for  the  ex])eriment.     Mr.  meal,  lycopodium,   quassia,   powdtn-J  •' 

lecquerel  has    lately   discovered    that  cardamom,  charcoal,  sulpliate  of  pota&h,  ^ 
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nitrate  of  potash,  acetate  of  lead,  oxide  ftanceii  that  act  distinctly  upon  each 
of  til).  other  electrically,  are  likewise  such  as 
(209.)  The  following  catalogue  ex-  act    chemically,  when    their  particles 
hibits  the  results  of  the  experiments  of    have  freedom  of  motion :   this  is  the 
contact  with  a  copper  plate  ;  the  dif-  case  with  the  different  metals,  with  Sul- 
ferent  sul)stances  being  arranged  under  phur  and  the  metals,  with  acid  and 
the  head  of  the  electricity  tney  really  alkaline  substances.    Of  two  metals  in 
acquire,  which  is  contrary  to  that  of  the  contact,  the  one  which  has  the  greatest 
copper  plate.    Positive :  lime,  bavytes,  chemical  attraction  for  oxygen  acquires 
strontites,  magnesia,  pure  soda,  pure  positive  electricity,  and  the  other  the 
potash,  common  pearl-ashes,  carbonate  negative :  so  that  if  arranged  in  the 
of  potash,  carbonate  of  soda,  tartaric  mder  of  their  oxidability,  as  follows, 
acia.    Negaiive :  t^enzoic  acid,  boracic  zinc,  iron,  tin,  lead,  copper,  silver,  gold, 
acid,    oxuic   acid,    citric   acid,  silex,  platina,  each  will  become  positive  when 
alumina,  carbonate  of  ammonia,  sul-  brought  into  contact  with  any  that  fol- 
phur,  resin.    These  experiments  were  low  it  in  the  series,  and  ne^ive  with 
aevend  times    repeatecl  with  uniform  any  of  those  which  precede  it.    In  con- 
results,  tacts  of  acids  with  bases,  as  of  crystals 

(210.)  The  above  mode  of  electrical  of  oxalic  add  with  dry  quicklime,  the 

excitation  is  probably  merely  a  species  former  is  negative,  the  latter  positive. 

of  friction,  differing  only  from  the  more  All  acid  crystals  when  touched  by  a 

ordinar}^  instances  by  tne  mode  of  its  plate  of  metal  render  it  positive,  the 

application.    But   in   other  cases  the  crystals  themselves  becoming  negative, 

electrical  effects  of  contact  are  more  (213.)  Bodies  that  exhibit  electrical 

distinctly  exhibited,  as  when  zinc  filings  effects  by  mutual  contact,  previous  to 

are  poured  tlurough  holes  in  a  plate  of  their  chemical  action  on  each  other, 

copper,  upon  the  cap  of  an  electro-  lose   this  power  during  combination, 

meter.  Thus  if  a  pohshed  plate  of  zinc  be  made 

(211.)    The    following    experiment,  to  touch  a  sur&ce  of  drv  mercury,  and 

founded  on  one  devised  by  Professor  quickly  separated,  it  is  found  positively 

Lichtenberg  of  Grottingen,  is  an  eleg[ant  dectrical,  and  the  effect  is  increEued  \yy 

illustration  of  the  opposite  electrical  heat ;  but  if  it  be  so  heated  as  to  amal- 

states  of  different  powders.    With  the  nmate,  that  is,  unite  chemically  with 

knob  of  a  chai^ged  iar,  trace  on  the  the  mercury,  it  no  lonisrer  exhibits  any 

surface  of  a  smooth  plate  of  glass,  or  of  signs  of  electricity.    The  case  is  analo- 

any  resinous  substance,  various  lines  at  jpous  with  copper  and  sulphur ;   and 

pleasure ;    and  then  repeat  the  same  iron,  when  applied  to  mercury,  produces 

operation  in  other  parts  with  the  knob  more  electricity  than  zinc,  apparently 

of   a  jar  diaiged  with   the  opposite  from  its  being  incapable,  under  ordinary 

electricity.     Let  the  surface  thus  pre-  eircumstances,  of  forming  a  chemical 

pared  be  gently  dusted,  by  means  of  a  combination  with  mercury, 

powder-puff,  with  a  mixture  of  pow-  (214.)  On  the  other  hand,  there  can 

dered  sulphur  and  red  lead,  previously  be  no  Question  that  electricity  is  oc- 

triturated  together  in  a  mortar.    Bv  the  casionally,  if  not  universally,  dicited 

contact  and  friction  thus  producea,  the  during  chemical  action.    We  have  just 

sulphur  has  been  rendered    negative,  seen  that  a  dry  acid  becomes  negaiive 

anu  the  red  lead  positive ;  and  each  of  by  contact  with  a  metal,  which  is  con- 

the  powders,  when  projected  on  the  se(|uently  thereby  rendered  positive.  In 

plate,  will  attach  itself  to  the  oppositely  this  case  no  chemical  combination  had 

electrified  lines,  forming  a  series  of  red  taken  place.    But  Becquerel  has  shown 

and  yellow  outlines.    It  is  also  observ-  that  ir  the  acid,  instead  of  being  in  a 

able,  that  the  configurations  assumed  dry  crystalline  form,  be  in  a  liquid  state, 

Xsy  these  and  other  powders  differ  ac-  and  capable  of  acting  chemically  on  the 

cording  to  the  species  of  electricity  im-  metal,  the  acid  will  become  positive  and 

pressed  upon  the  plate ;  positive  elec-  the  metal  n^ative.    The  same  conclu- 

tricity  producing  an  appearance  resem-  sion    may  also  be  deduced  from  the 

bling  leathers,  and  nmtive  electricity  experiments  of  Lavoisier  and  Laplace, 

an  arrangement  more  nke  stars.  on  the  action  of  dilute  sulphuric  acid 

(212.)  The  most  important  circum-  on  iron  filings.    That  the  oxidation  of 

stance  in  this  inquiiy,  is  the  connection  metals  gives  rise  to  electricity  has  been 

t>etween   electricity  and  the  chemical  also  shown  by  the  experiments  of  Dr. 

properties  of  matter.    It  is  observed  by  Wollaston,  from  which  it  would  appear 

Sir  H.  Davy,  that,  most  of  the  sub-  that  the  electricity  obtained  in  the  com* 
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mon  alecfrical  machine  is  derived  prin-  sume  that  dedricity  b  esaentiaUy  con* 
cipally  from   this   source.    When   he    eemed  in  the  processes  that  are  earned 

employed  as  the  rubbini;  substance  an  on  in  the  living  system  both  of  anioMJs 

amalgam  of  silver  or  of  platina,  which  and  vegetables,    in  the  animal  econoiny 

are  metals  very  little  subject  to  oxida  more  partieulariy,  the  operatkm  of  ifan 

tion,  he  could  obtain  no  electricity.  An  agmt  is  indicated  in  the  processes  of 

amaJgam  of  tin,  on  the  other  hand,  sup-  s^retion,  in  the  actions  of  the  muselei 

plied  a  large   quantity  of  electricity,  and  nerves,  and  probably*  indeed,  in  all 

Zinc  acts  still  better  than  tin ;  but  the  the  vital  functions.    There  are  several 

best  amal^i^am  for  this  purpose  is  made  kinds  of  fish,  which  are  endowed  with 

with  both  tin  and  zinc,  a  mixture  which  the  power  of  accumulating  huge  quan- 

oxidates  more  readily  than  either  metal  tities  of  electricity,  which  they  can  dis- 

separately.    As  a  further  trial  whether  charge  at  pleasure  through  conducfing 

oxidation  assists  in  the  production  of  bodies  that  come  in  contact  with  them, 

electricity,  a  small  cylinder  with   its  and  thus  communicate  powerful  shocks. 

cushion  and  conductor  was  arranged  in  This  power  is  possessed  in  an  enunent 

a  vessel  so  contrived  that  the  contained  degree  by  the  torpedo,  whidi  is  a  species, 

air  could  be  changed  at  pleasure.  After  of  ray  ;  but  it  is  also  met  with  m  the 

ascertaining  the  d^rree  of  excitement  Gymnotus  electricus,  the  Silurus  electri- 

produced  in  atmospheric  air,  carbonic  cus,  the    Trichiiurus    indicus,  and  the 

acid  was  substituted,  but  the  excitement  Tetraodon  electricus.    But  as  this,  as 

could  not  be  renewed ;  while  it  was  im-  well  as  other  suljeds  relating  to  animal 

mediately  reproduced  on  the  reailmission  electricity,  involve  consideradons  wludi 

of  common  air.    It  must  be  acknow-  properly  belong  to  Galvanism,  we  most 

ledged,  however,  that  Sir  H.  Davy,  in  defer  treating  of  them  until  tins  branch 

repeating  these  experiments,  arrived  at  of  electrical  science  is  befiore  us. 
opposite  results ;  for  he  states,  that  the 

machine  acted  eoually  well  in  hydrogen  Chapter  XV 

gas  as  in  atmospheric  air,  and  was  even  r»/    ,  ■  -j,     ^  *r     aa^      «. 

more  active  in  carbonic  acid  gas,  a  cir-  Ji'lecincity  qf  the  Atmoiphere. 

cumstance  which  he  attributes  to  the  (217.)  As  the  subject  of  atmosphmc 
greater  density  of  this  gas.  electricity  is  more  especially  a  branch  of 
(215.)  Electricity  is  often  developed  the  science  of  Meteorology,  we  sh»Ul  con- 
by  processes  quite  independent  of  cne  tent  ourselves,  in  this  pla^,  with  a  ver\' 
niical  changes.  This  is  evident  from  its  brief  outline  of  theprindpaJ  facts  rolat- 
production  by  the  friction  of  two  bodies  tng  to  it. 

of  the  same  kind  upon  one  another,  (218.)  The  atmosphere  is  very  gene- 

as  has  been  already  noticed,  ($  35 1)  and  rally  in  an  electrical  state.    This  may  lie 

also  by  the  strong  electricity  which  is  ascertained  by  employii^;  a  metallic  nxl 

manifested  on  the  separation   of  the  elevated  to  someheight  above  the  ground, 

parts  of  the  same  body.    Thus,  if  a  and  communicating  at  its  lower  end, 

jjiece  of  dry  and  warm  wood  be  suddenly  which  should  be  insulated,  with  an  eloc- 

rent  asunder,  the  two   surfaces^  whicn  troscope.     In  order  to  collect  the  elec- 

have  separated  are  found  to  be  elec-  tricity  of  tlw  higher  regions  of  the  air.  a 

tnfied,  the  one  positively,  the   other  kite  may  be  rai^d,  in  the  string  of  which 

negatively ;  and  a  flash  of  light  is  per-  a  slender  metallic  wire  should  l}e  inter- 

ceived  if  the  experiment  be  made  in  the  woven,  so  as  to  conduct  the  eledricity. 

dark.    The  same  phenomenon  is  ol>-  If  the  electroscope  be  sufficiently  sensi- 

served  when  the  plates  of  mica  (Mus-  ble  it  will  usually  indicate  the  prevalence 

covy  glass)  are  suddenly  torn  asunder;  of  positive  electricity  in  the  atmosplwre, 

and  even  when  a  stick  of  sealing-wax  is  the  intensity  of  wliich  increases  acc^- 

broken   across ;    the  two    surfaces  of  mg  as  the  stratum  examined  is  more 

fracture  being  in  each  case  positive  and  elevated.    In  the  ordinary  state  of  the 

negative    respectively.     Dr.    Hrewster  atmosphere  its  electricity  is  invariably 

discovered  that  the  fracture  of  the  un-  found  to  be  positive :  and  is  stronger  in 

anneali»d  glass  tears,  called  Prince  Ru-  winter  than  m  summer ;  and  during  the 

peris  drops,  was  attended  with  the  evo-  day  than  the  night.    From  the  time  of 

lution  of  electrical  light,  which  per\aded  sunrise  it   increases  for   two  or  tlu^ 

the  whole  drop,  so  that  its  form  was  hours,  and  then  decreases  towards  the 

distinctly  visible  in  the  dark.    The  liirht  middle  of  the  day,  being  generally  weak 

uppi'ars  even  when  the  experiment  is  est  between  noon  and  four  o^clock.    M 

made  under  water.  the  sun  declines  its  intensity  Is  agaio 

(J/0.)  There  is  every  reason  \o  Y^ve-  dU'^mcuted,  till  about  the  time  of  sun* 
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hich  it  diminishes,  and  con-  bristling  up  of  some  loose  fibres  on  the 

3  during  the  night*  In  cloudy  hempen  cord ;  he  immediately  presiented 

;  electrical  state  is  much  more  his  knuckle  to  the  key,  and  received  an 

and  when  tliere  are  several  electric  spark.  Overcome  with  the  emo- 

douds,  moving  in  different  tion  inspured  by  this  decisive  evidence  of 

it  is  subject  to  great  and  the  great  discovery  he  had  achieved,  he 

lions,    changing  sometimes  heaved  a  deep  sign,  and  conscious  of  an 

ive  to    negative,  and  back  immortal  name,  felt  that  he  could  have 

le  course  of  a  few  minutes,  been  content  if  that  moment  had  been 

st  appearance  of  fog,  rain,  his  last    The  rain  now  fell  in  torrents, 

or  sleet,  the  electricity  of  the  and  wetting  the  string,  rendered  it  con- 

erally  negative,    and  often  ducting  in  its  whole  length;   so  that 

but  it  afterwards  undergoes  electric  sparks  were  now  collected  from 

msitions  to  opposite  states,  it  in  great  abundance, 
proach  of  a  Uiunder-storm        It  should  be  noticed,  however,  that 

itions  of  the  electric  condition  about  a  month  before  Franklin  had  made 

ucceed  one  another  with  re-  these  successful  trials,   some  philoso- 

apidity.    Strong  sparks  are  phers,  in  particular  Dalibard  and  De 

1  great  abundance,  from  the  Lors,  had  obtained  similar  results  in 

and  it  becomes  dan^rous  to  FVance,  by  following  the  plan  recom- 

fxperiments  with  it  m  its  in-  mended  by  Franklin.    But  the  ^lory  of 

e.  the  discoveiy  is  universally  given  to 

le  analogy  between  the  elec-  Franklin,  as  it  was  from  his  suggestions 

and  more  especially  of  the  that  the  methods  of  attaining  it  were 

ischarge  of  the  Leyden  jar,  originally  derived. 
3heric  lightning  ana  thunder,        (220.)  This  important  discovery  vrem 

ous  to  have  escai>ed  notice,  prosecuted  with  great  ardour  by  philo- 

e  early  periods  of  electrical  sophers  in  every  part  of  Europe.    The 

It  had  been  observed  by  Dr.  first  experimenters  incurred  consider- 

y  Gray,  and  still  more  point*  able  risk  in  their  attempts  to  draw  down 

Led  by  the  Abb^  Nollet.    Dr.  electricity  from  the  clouds,  as  was  soon 

rsLS  so  impressed   with  the  proved  by  the  fatal  catastrophe,  which, 

ts  of  resemblance  between  on  the    6th  of  August,    1753,   befel 

nd  electricity,  that  he  was  Professor    Richman,    of     Petersburg, 

of  their  identity,  and  deter-  whose  name  has  already  been  before  us, 

^certain  by  direct  experiment  (ji  123.)    He  had  constructed  an  appa- 

j{  his  bold  conjecture. ,  A  ratus  for  olwervations  on  atmosphoical 

1  was  erecting  at  Philadel  electricity,  and  was  attending  a  meeting 

nceived  might  assist  him  in  of  the  Academy  of  Sciences,  when  the 

f ;  but,  whue  waiting  for  its  sound  of  distant  thunder  caught  his  ear. 

.  the  si^ht  of  a  boy*s  kite.  He  immediately  hastened  home,  taking 

been  raised  for  amusement,  with  him  his  engraver,   Sokolow,    in 

f  suggested  to  him  a  more  order  that  he  might  delineate  the  ap- 

lod  of  attaining  his  object  pearances  that  should   present  them- 

istructed  a  kite  l>y  stretching  selves.    While  intent  upon  examining 

handkercluef  ova*  two  sticks  the  electrometer,  a  large  globe  of  fire 

I  of  a  cross,  on  the  first  ap-  flashed  fix)m  the  conducting  rod,  which 

f  an  approaching  storm,  m  was  insulated,  to  the  head  of  Richman, 

!,  he  went  out  into  a  fiekl,  and  passing  through  his  Ixxiy,  instantly 

id  by  his  son,  to  whom  alone  deprived  him  of  life.     A  red  spot  was 

parted  his  des^.    Having  found  on  his  forehead,  where  the  elec- 

ite,  and  attached  a  key  to  the  tricity  had  entered,  his  shoe  was  burst 

of  the  hempen  string,  he  in-  open,  and  part  cf  his  clothes  singed. 

>y  fastening  it  to  a  post,  by  His  companion  was  struck  down,  and 

iilk,  and  waited  with  intense  remained  senseless  for  some  time ;  the 

'  the  result    A  considerable  door-case  of  the  room  was  epHt,  and  the 

led    without   the  apparatus  door  itself  torn  off  its  hinges, 
sign  of  electricity,  even  al-        (221.)    The  protection  of  buildings 

mse  cloud,  apparently  charg-  from  the  effects  of  lightning,  is  the  most 

litning,  had  passed  over  tm^  important  practical  application  of  the 

ich  tliey  stood.  Franklin  was'  theory  of  electricity.    We  have   0!rI?i 

ling  to  despair  of  success,  room  for  a  few   cA)scn«t\VroA   ww  ^^ 

ntUntion  was  caught  by  the  principlcs.on  vfYucii  cou^mcXot^  Vsi  >iK)a 
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purpose  should  be  construcfed.    They  are  connected.     To  tliis  class 

should   be   formed    of  metallic    rods,  heat,  Ikht,  electricity,  and  mag 

pointed  at  the   upper  extremity,   and  each  of  which,  respectively,  f 

placed  so  as  to  project  a  few  feet  above  certain  changes  on  material  bodie 

the  highest  part  of  the  building:  they  are  of  a  mechanical  or  chemical 

intended  to  secure  ;  \hey  shoukl  he  con-  which  it  is  natural  to  regaid 

tinned  without  interruption  till  they  de-  effects  of  motion  conmiunicated 

scend  into  the  ground,  below  the  foun-  impulse  of  material  agents,  of  sc 

dation  of  the  house.    Copper  is  prefer-  and  attenuated  a  kind,  as  to  e 

able  to  iron  as  the  material  for  their  detection  when  wo  api^ly  to  ft 

construction,  being  less  liable  to  destruc-  tests  of  gravity  or  inertia.    Ifw 

tion  by  rust,  or  by  fusion,  and  possessing  heat  and  light  to  be  material, 

also  a  greater  conducting  power.    The  wiU  lead  us  to  ascribe  the  same  < 

size  of  the  rods  should  be  from  half  an  ter  to  electricitv  and  to  magnetis] 

inch  to  an  inch  in  diameter,  and  the  withstanding  their  being  impondk 

point  should  be  gilt,  or  made  of  platina,  (223.)  But  the  matoiaUty  of 

that  it  may  be  more  effectually  preserv-  city  has  also  been  maintained  o 

eA  from  corrosion.    An  imjiortant  con-  grounds.  The  pungent  sensatkn 

dition  in  the  protecting  conductor  is,  that  electric  spark,  the  smart  \Aa^ 

no  interruption  should  exist  in  its  con-  accompames  the  shock,  the  vivid 

tinuity  from  top  to  bottom :  and  advan-  light  wliich  marks  its  course,  thi 

tage  will  result  from  connecting  together  sounds  which  attend  its  passage  t 

by  strips  of  metal  all  the  leaden  water  the  air,  and  the  irresistible  fiE 

pipes,  or  other  considerable  masses  of  which  it  bursts  asunder    the 

metal  in  or  about  the  building,  so  as  to  textures,  all  seem  to  denote  the 

form  one  continuous  system  of  conduc-  nical  effects  of  sudden  and  powa 

tors,  for  carrying  the  electricity  by  dif-  pulse ;  all  seem  to  imply  the  nu 

ferent  channels  to  the  ground.     The  a  stream  of  fluid  possessed  of  moi 

lower  end  of  the  conductors  should  be  adequate  to  produce  these  energc 

carried  down  into  the  earth  till  it  reaches  tions.  Can  we  refuse  to  ascribe  tl 

either  water,  or  at  least  a  moist  stratum,  racter  of  materiality  to  that  wl] 

For  the  protection  of  ships,  chains  not  only  see  and  hear,  but  feel  ak 

made  of  a  series  of  iron  rods  linked  (224.)  This  argument  has  be 

t02:ether,  are,  by  their  flexibility,  most  deavoured  to  l)e  strengthened  bj 

conveniently  adapted.    They  should  ex-  riety  of  experiments,  from   wh* 

tend  from  the  highest  point  of  the  mast  communication  of  impidse  in  a  { 

some  way  into  the  sea,  and  the  lower  lar  direction  with  respect  to  the 

part  should  be  removed  to  some  dis-  of  electricity  has  been  inferred 

tance  from  the  side  of  the  ship,  by  a  stream  of  air,  which  proceeds  \ 

wooden  spar  or  outrigger.  pointed  conductor  when  electri 

The  air  of  close  rooms,  vitiated  by  issuing  from  it,  appears  as  if  i 

respiration,  is  found  to  be  negatively  were  carried  forward  along   w 

electrified.  electric  fluid.    The  direction  of  i 

P„  .__,„_  YVT  *^^"  ^*  '^*^^  ^^^  decidedly  indio 

Tj.       .•    ,    r"           A;     *r  the  different  luminous  appeanuBoes 

iheorettcal   I  tews  of  the  Nature  of  accompany  the  escape  of  the  fluii 

rdectnctty.  or  \y^  reception  by,  a  pointed  con 

(222.)    Thb   preceding  history  of  the  (See/^.  23.)    We  have  ahready  \ 

phenomena  relating  to  elcctricit}',  may  casion  to  notice  the  manner  m 

prepare  us  for  tlie  discussion  of  some  in-  this    curious  fact  appears   to  i 

teresting  inquiries  concerning  the  real  the  hypothesis  of  Franklin,  imply 

nature  of  this  powerful  and  mysterious  singleness  of  the  electric  fluid,  (J 

agent,  and  the  theory  of  its  operation.  (225.)  The  following  expcrim 

The  first  question  that  presents  itself  also  t)een  adduced  by  Cavallo  i 

!s  with  respect  to  its  materiality.  Besides  Singer,  in  support  of  the  same  c 

the  well-known  mechanical  forces  which  Place  on  the  table  of  the  univer 

l)elong  to  ordinary  ponderable  matter,  charger  a  card  bent  lengthwiae 

the  phenomena  of  natiu^  exhibit  to  our  round  ruler,  so  as  to  form  a  hoi 

view  an9ther  class  of  powers,  the  pre-  lindrical  groove ;  or,  what  is  stiO 

sence   of  which,   altliough   sufiiciently  two  straight  slicks  of  sealing-w 

characterised  by  ceilaiu  effects,  is  not  parallel  to  each  other,  so  that  tb 

a  (fended  with  any  appreciaUe  e\\«LTvc.e  vcv  \\\iTv  \i^  U\eir  rounded  edges  may 

the  weiglit  of  the  bodies  wV^]h  yc\uc\\  Mv*:^  ^viov^,  \yv  ^5K^&  ^wss«  ^^^o^  a  p 
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f  about  half  an  inch  in  diametar,  and 
imnge  the  wires  of  the  discharger  with 
leir  points  in  the  direction  of  the  groove, 
id  it  four  inches  from  each  other,  the 
ill  being  equally  distant  from  each.  On 
using  a  small  char^  from  one  wire  to 
le  other,  the  ball  will  be  driven  from 
m  positive  to  the  negative  wire,  and  this 
feet  will  be  constant  if  the  wires  ter- 
linate  in  points  ;  but  if  they  are  knob* 
9d,  the  ball  frequently  vilniUes  between 
lem.  because  the  innuence  of  the  at- 
BCting  surfEuses  upon  the  ball  interferes 
ith  tt^  regularity  of  the  effect,  and  often 
nders  the  result  equivocaL 
(226.)  The  nature  and  place  of  the 
srforation  effected  in  a  card  by  the 
issage  of  an  electric  charge,  of  which 
e  have  idready  given  an  accoimt  (ij  159), 
mear  to  favour  the  same  view  of  the 
iDJect.  The  following  experiment,  also, 
lews  that  the  impulse  is  communicated 
ost  forcibly  in  tne  direction  from  the 
witive  towards  the  negative  conductor, 
light  float- wheel,  the  vanes  of  which 
«  made  of  card  paper,  inserted  in  the 
rcumference  of  a  cork  turning  freely 
I  a  pin  passed  through  its  centre  as  an 
:le,  will  be  put  in  motion  bypresentixig 

it  an  electrified  point,  apparently  in 
nsequence  of  the  mipuhe  of  the  stream 

air  wluch  issues  from  the  point, 
liether  the  point  be  positively  or  nega- 
'ely  electrified,  the  direction  of  tht 
otion,  as  well  as  of  the  stream  of  air,  is 
ways  the  same.  But  if  the  wheel  be 
aced  on  an  insulating  stem,  as  in  Jig, 
;,  and  introduced  between  the  pointed 

Fig.  42. 


of  an  inch  wide  for  it  to  stand  upon,  but 
so  that  it  ma/  be  overthrown  by  the 
smallest  impulse ;  and  the  pointed  wires 
of  the  universal  discharger  be  brought 
opposite  to  each  other,  and  about  a 
quarter  of  an  inch  below  the  upper  edge 
of  the  card,  which  stands  at  an  equal 
distance  between  them  ;  on  connecting 
the  wires  with  a  machine,  or  with  an  in- 
sulated jar,  so  as  to  effect  an  electric 
discharge  between  them,  the  card  will 
be  thrown  down,  and  will  constantly 
fall  from  the  positive,  and  towards  the 
negative  wire. 

(228.)  The  determination  of  a  stream 
of  electrified  air  in  this  direction  is  also 
rendered  very  sensible  by  the  motions  of 
smoke  or  vapour  phiced  in  the  cireuit 
of  the  electricity.  Thus  the  flame  of  a 
taper  placed  between  two  oppositely 
electrified  balls  will  constantly  be  blown 
from  the  positive  to  the  negative  side. 
Fig.  43  represents  two  hollow  metallic 

2^.43. 


res  of  the  universal  discharger,  which 
e  to  be  placed  as  accurately  as  possible 
vposite  to  each  other,  and  at  the  distance 
an  inch  or  more  firom  the  upper  vanes ; 
I  connecting  one  of  the  wires  with  the 
>sitive,  and  the  other  with  the  negative 
mductor  of  an  electrical  machine,  and 
Lcitiflg  it,  the  wheel  wiU  move  as  if  im- 
plied oy  a  stream  from  the  positive  to 
ie  negative  wire.  On  reversing  the 
Mnnections,  so  that  the  electricity  of 
4;h  wire  is  changed,  the  motion  of  the 
heel  will  fikewise  be  reversed. 
(227.)  If  a  card  be  placed  vertically, 
r  inserting  it  in  a  small  piece  of  cork 
at  may  form  a  base  of  about  a  quarter 


balls,  about  three  quarters  of  an  inch  in 
diameter,  insulated  on  separate  glass 
pillars,  by  which  they  are  supported  at 
a  distance  of  two  inches  from  each  other: 
the  upper  part  of  each  ball  is  hollowed 
into  a  cup,  into  which  a  small  piece  of 
phosphorus  is  to  be  put.  A  small  candle 
has  its  flame  situated  mid-way  between 
the  balls,  one  of  which  is  connected  with 
the  positive,  and  the  other  with  the  nega- 
tive conductor  of  the  machine.  When 
the  balls  are  electrified,  the  flame  is 
agitated,  and  inclining  towards  the  one 
wnich  is  negative,  soon  heifts  it  sufii- 
ciently  to  set  fire  to  the  phosphorus  it 
contains,  whilst  the  positive  ball  remains 
perfectly  cold,  and  its  phosphorus  un- 
melted.  On  reversing  the  connections 
of  the  balls  with  the  machine,  the  phos- 
phorus in  the  other  ball  wUl  now  be 
neated  and  will  inHame. 

(229.)  However  plausibly  it  mav  have 
been  inferred,  from  a  superficial  view 
of  these  facts  and  experiments,  that  the 
electric  fluid  actually  possesses  momen- 
tum, and  that  it  moves  in  a  particular 
direction,  a  mote  n®(i  a3Q»2k?i«»  ^V.  ^^w^ 
phenomena  ^iliV  i!iMc>'"  Vc^K  ^^  \^  ^^ 
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degree  warrant  such  an  inference.    All  quire  upon  what  piinciple  fhese  reniuk- 

the  mechanical  effects  that  attend  the  able  differences  m  the  phenomena  of 

transfer  of  electricity  are  ultimately  re-  positive  and  of  negative  electricity  can 

solvable  into   the    sudden    action  of  a  be  accounted  for,  consistently  with  either 

repulsive  power  exerted  among  the  par-  hypothesis. 

fioles  of  matter  which  are  situated  in  the        (231.)  On  an  attentive  exammationol 

line  of  its  course.    They  are  only  parti-  the  phenomena  they  appear  to  be  espli- 

ticular  instances  of  the  fundamental  law  eable  on  the  supposition  that  the  air,  or 
of  electric  action,  that  bodies  charged     medium  through  which  the  electricity 

with  the  same  kind  of  electricity  repel  passes,  is,  in  the  language  of  one  theoiry, 

one  another.      Thus  the   particles  of  more  disposed  to  admit  of  the  passage 

air  elect]  itied  by  a  pointed  conductor  of  the  vitreous  than  of  the  resinous  dec 

are    repeUed   by  that    conductor,  and  tricity;  or,  to  speak  consistentlj  with 

repel  it  also  ;  and,  moreover,  repel  one  the  F^nklinean  theory,  that  it  is  more 

another :    and  the   same   effect   takes  disposed  to   receive  the  electric   fluid 

place  whether  their  elechic  state  be  of  from  a  conductor  which  is  charged  with 

the  positive  or  negative  kind.    Hence  it,thantopartwith  ittoannnderduiged 

the  stream  of  air  which  proceeds  from^  conductor  which  absorbs  it    The  eon- 

any  electrified  point  is  veiy  naturally*  sequences  of  this  h}'pothesi8  are,  that  the 

accounted  for.    If  the  quantity  of  dec-  vitreous   electricity  meets  with  lest  re- 

tricity  which  is  transferred  is  consider-  sistance  in  passing  cut  from  a  body  into 

able,  it  excites  a  more  violent  commo-  the  air,  and  is  therefore  carried  finward 

tlon  among  the  particles  which  it  in-  more  readily  and  more  directly  thui  tlw 

fluences  in  its  passage.     The  intense  resinous  electricity.    The  latter,  in  ooo- 

energy  of  its  repidsive  action  produces  sequence  of  meeting  with  izrealer  resist- 

the  most  sudden  and  forcible  expansion  ance  to  its  exit,  is  more  diffused  in  the 

of  that  portion  of  the  air  which  occupies  surrounding  space., 
this  Lme  ;  this  air  thus  expanding  must        On  the  Franklinean  theory  the  same 

be  impelled  laterally  against  the  sur-  effects  will  follow  with  reference  to  the 

roundmg  particles,  and  must  occasion  propulsion  of  the  electric  fluid  from  the 

their  sudden  compression.  The  evolution  positive,  and  its  absorption  by  the  nega- 

of  heat  and  light  is  the  necessary  conse-  five  body.  I 

ciucnce  of  this  violent  compression ;  and        (232.)  Tliat  the  peculiarity  of  the  me- 

tne  vibratory  impulse  being  propagated  chanical  effects  of  the  different  si)ei'ies 

in  all  directions  is  the  source  of  the  sound  of  electricity  dq)ends  upon  the  proper- 

which  attends  the  electric  explosion.  The  ties  of  the  air,  which  is  the  veliicle  of 

sensation  to  which  the  passage  of  the  elec-  its  agency,  and  not  upon  any  specific    ' 

trie  shock  through  our  bodies  gives  rise,  is  power  in  the  asrent  it  sell,  is  shown  \)y  a 

also,  evidently,  referable  to  an  impression  moditicalion  of  the  experiment  descriln^J 

made  on  the  nerves  bj;  the  same  repul-  in  $   159,   in  which  a  varnished  cani,    j 

sive  action.     In  all  this  we  can  discern  suspended    between    two    conductors 

no  positive  proof  of  the  operation  of  a  was  perforated  at  the  point  where  it  vas 

material  agent  extraneous  to  the  body  touched  by  the  negative  wire.     On  re- 

itself  and  acting  by  mechanical  impulse,  peating  the  same  experiment  under  tlie 

The  materiality  of  electricity,  therefore,  receiver  of  an  air-pump,  Mr.  Tremeiy 

must  still  rest  upon  a  similar  foundation  found,  that  in  proportion  as  the  air  » 

with  that  of  heat,  or  of  light  exhausted,  the  place  where  the  card  is 

(230.)   If  the  electric  power,  or  fluid,  perforated    by  the  electric  shock  tp- 

if  we  choose  to  consider  it  as  such,  does  preaches  nearer  to  the  positive  wire, 

not  act  by  its  mechanical  momentum,  the  when  the  pressure  of  the  air  is  reduced 

arguments  in  favour  of  the  motion  of  a  to  one-half,  the  hole  is  at  the  middle 

single  fluid  from  the  positive  to  the  nega-  point  between  the  two  wires.     At  e\eiy 


appearancev  nr^ 

perforation  of  a  card,  ($  159,)  the  rota-  sented  by  the  edges  of  the  perforationf 

tion  of  a  windmill,  (§  226,)  and  the  de-  made  in  the  leaves  of  a  quire  of  paper. 

termination  ofthe flame ofataper(^  228)  already  detailed  (j  160,  161,)  are  not 

in  one  constant  dhwtion,  must  fall  to  the  reconcileable  with  the   supposition  d 

ground,  and  can  evidently  l)e  of  no  avail  a  mechanical  impulse  acting  only  in  oae 

m  deciding  the  great  question,  whetlier  direction,  but  indicate  the  equal  lepul- 

there  he  two  electric  fluids  or  only  one.  sive  action  of  both  kinds  of  electrieilft 

But,  siUl,  it  is  incumbent  upon  us  lo  m  yiVvch  \.Vv«  disturbing  influence  of  w 
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•Ir  if!  withdrawn.  It  is  a  eonfirmation 
of  lhi3  hypothesis,  respecdn^  the  pecu- 
liar kind'  of  obstruction  which  air  op- 
poses to  the  passage  of  electricity,  that 
other  substances  have  been  discovered 
in  which  a  similar  property  exists.  Mr. 
Ermann,  of  Berlin,  has  found  that  the 
flame  of  alcohol  is  possessed  of  a  greater 
conducting  power  with  regard  to  posi- 
tive, than  to  negative  electncity.  Alka- 
line soap,  on  the  contraiy,  conducts  ne- 
gative electricity  better  than  positive; 
and  will,  thererore,  serve  to  insulate  a 
feeble  degree  of  the  latter,  at  the  same 
time  that  it  permits  the  passage  of  the 
former. 

(233.)  It  has  always  been  urged  as  a 
strong  objection  to  the  theoiy  of  a  single 
electric  fluid,  that  it  necessarily  involves 
the  condition  of  a  mutual  repulsion 
among  the  particles  of  ordinaiy  matter. 
See  i  62.  before  attempting  to  combat 
this  objection,  it  will  be  proper  to  enter 
into  a  somewliat  fuller  illustration  of  the 
position  than  we  have  already  done;, 
and  for  this  purpose  we  shall  avsdl  our- 
selves of  the  assistance  of  a  few  dia- 
grams«  calculated  to  aid  our  conceptions 
of  the  forces  concerned  in  the  mutual 
actions  of  electrifled  or  neutral  bodies. 
For  the  sake  of  greater  distinctness,  we 
shall  suppose  the  whole  of  the  matter 
in  the  body,  of  which  we  are  studving 
the  actions,  to  be  concentrated  m  a 
small  space,  and  we  shall  represent  this 
matter  by  a  black  square.  In  like  man- 
ner, we  shall  suppose  that  the  whole  of 
the  electric  fluid  contained  in  the  same 
body  is  condensed  into  a  small  space, 
denoted  by  a  white  circle.  The  mutual 
actions  of  tlie  matter  or  electric  fluid  in 
two  adjacent  bodies,  are  expressed  by 
lines  passing  from  the  one  to  the  other 
respectively ;  the  attractions  bcdns  dis- 
tinguished by  unbroken  lines,  anS  the 
repulsions  by  dotted  lines. 

(234.)  JF^.  44  represents  a  body  B  in 

F^.44. 


and  towards  it,  it  is  evident  that  the 
bod^  will  neither  acquire  nor  lose  elec- 
tricity, but  remain  quiescent,  whether 
it  be  insulated  or  not. 

(235.)  The  state  of  the  forces  ope- 
rating between  two  similar  neutral 
bodies  is  shown  in  Jig.  45.    Here  it 

Fig.  45. 


a  neutral  state  of  electricity,  by  which 
is  to  be  understood,  that  tne  quantity 
of  fluid  it  contains  exists  in  a  propor- 
tion so  exactly  adjusted  to  the  quantity 
of  matter,  as  that  its  repulsion  for  a 
particle  F  of  electricity  at  any  distance, 
precisely  balances  the  attraction  of  the 
matter  for  that  same  partide.  While 
this  equihbrium  is  preserved  among  the 
forces  which  would  impd  any  electric 
ftuid  extanal  to  the  body  both  from  it 


follows  .^tMn  the  condition  of  neutrality, 
as  above  d^ned,  that  the  two  attractive 
forces,  denoted  t>y  the  two  whole  lines» 
are  each  of  them  equal  to  the  repulsive 
force  between  the  two  fluids,  denoted 
by  the  upper  dotted  line.  Actuated  by 
these  forces  only,  therefore,  the  two 
bodies  would  attract  each  other.  The 
addition  of  a  second  repulsive  force  be- 
tween the  two  portions  of  matter,  as 
represented  by  tne  lower  dotted  line,  is 
therefore  necessary  to  account  for  the 
state  of  equilibrium  which  we  find, 
under  these  circumstances,  really  ob- 
tains. Some  persons  have  conceived, 
that  by  assuming  the  repulsive  force  of 
the  electric  particles  to  be  double  the 
attractive  forces  of  the  same  particles 
for  matter,  the  equilibrium  might  be 
explained  without  having  recourse  to 
the  mutual  repulsion  of  the  particles  of 
matter :  forgetting,  that  such  an  as- 
sumption is  incompatible  with  that  of 
the  neutral  state  of  the  bodies,  which 
is  the  condition  under  which  we  are  now 
examiningthem. 

(236.)  The  repulsion  of  two  l)odies, 
each  containing  twice  the  quantity  of 
electric  fluid  re<)uisite  for  the  saturation 
of  their  respective  matter,  is  illustrated 
by /p.  46.    All  the  forces  represented 

Pig.  46. 
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by  the  lines  must,  finom  the  h^othesiH, 
be  regarded  as  equal  in  point  of  in- 
tensity :  but  the  number  of  repulsive 
forces  is  as  five,  while  that  of  tiie  at- 
tractive forces  is  only  as  four:  the 
fonner  therefore  vtiU  prevail. 

(237.)  Precisely  the  same  result  will 
obtain  in  the  case  of  two  negatively 
electrified  bodies,  in  which,  as  repre- 
sented vtiftg.  47,  the  quantity  of  matter 

Fig.  47. 


s 


is  twice  as  much  as  the  fluid  can  satu- 
rate. In  the  former  case  it  was  the 
repulsion  between  the  two  portions  of 
fluid  which  were  in  excess  that  de- 
stroyed the  equililffium ;  while  in  tMs 
case  the  same  effect  is  produced  by  the 
mutual  repulsion  of  the  unsaturated 
portions  ot  matter. 

(238.;  Lastly,  we  may  collect  firom 
an  examination  of  J!g.  48,  where  a  body 

Fig,  48. 

0 
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positively  electrified  is  supposed  to  l>e 
placed  near  one  that  is  negatively  elec- 
trified, that  the  ultimate  effect  will  be 
determined  by  the  attraction  between 
the  fluid  in  excess  in  the  formr,  and 
the  unsaturated  matter  in  the  latter : 


all  the  other  atlraetiont  and  repulnoM 
exactly  compensating  each  ottier. 

(239.)  It  IS  a  gre^  though  a  com- 
mon error  to  imagine,  that  the  conditian 
assumed  by  ^pinus,  namely,  that  the 
particles  of  matter,  when  devoid   of 
electricity,  repel  one  another,  is  in  op- 
position to  the  law  of  universal  gravi- 
tation established  by  the  researches  of 
Newton ;  for  this  law  a]^lies,  in  e\-ery 
instance  to  which  inquiiy  has  extendi, 
to  matter  in  its  ordinary  state,  that  is. 
combined  with  a  certain  proportion  of 
electric  fluid.    By  supposing,  indet'd, 
that  the  mutual  repulsive  action  be- 
tween the  particles  of  matter  is,  hv  a 
veiy  small    quantity,  leas  than  tfiat 
between  the  particles  d  the  elei;tric 
fluid,  a  small  lialance  would  be  left  in 
favour  of  the    attraction  of  neutnl 
bodies  for  one  another,  which  might 
constitute  the  very  force  which  opoatcs 
under  the  name  of  grantatioa:  and 
thus  both  classes  <^  phenomena  msy 
be  included  in  the  same  law. 

(240.)  An  objection  has  been  umd 
by  Biot  against  the  hypothesis  or  a 
single  fluid,  on  the  ground  that  it  im- 
plies an  equal  degree  of  attraction  be- 
tween the  fluid  and  eveiy  species  of 
matter,  whereas  in  the  ease  of  other 
agents,  such  as  heat  and  magnet  Lsni, 
the  degree  of  their  attraction  is  very 
different  towards  different  kinds  of 
matter.  This  objection  does  not  apply 
to  the  hypothesis  of  the  two  fluids,  foir 
they  are  assumed  as  acting  independ- 
ently of  any  specific  attractions  for  the 
bodies  which  contain  them :  hence  their 
distribution  in  those  bodies  follows  the 
same  law,  whatever  be  the  specific 
nature  of  the  materials  of  which  the 
latter  are  composed. 

(24  ] .)  We  arrive,  then,  at  the  conclu- 
sion that  there  is  no  tact  in  electricity 
which  cannot  be  explained  on  either  of 
the  two  hypotheses :  but  to  which  side 
the  balance  of  probabilities  may  incline, 
when  the  respective  merits  and  demerits 
of  each  are  taken  into  account,  remains, 
perhaps,  to  be  decided  more  by  the 
taste  than  the  judgment  of  the  inquirer. 


GALVANISM. 


Chapti^ii  I.  y^^  1790,  that  his  wife,  being  con- 
sumptive, was  advised  to  take,  as   a 

Origin  of  Galvanism.  nutritive  aHicle  of  diet,  some  soup  made 

of  the  flesh  of  frogs.  Several  of  theae 
(1.)  The  term  Galvanism  is  em-  animals,  recently  skinned  for  that  pur« 
ployed  to  designate  a  peculiar  form  of  pose,  were  lying  on  a  table  in  the  labo* 
electric  agency,  elicited  under  particular  ratory,  close  to  an  electrical  machine, 
circumstances,  and  capable  of  produc-  with  which  a  pupil  of  the  professor  was 
ing  certain  effects  on  bodies,  not  usually  amusing  himself  in  trying  experiments, 
resulting  from  the  ordinary  modes  of  While  the  machine  was  in  action,  he 
excitation.  The  first  notice  that  we  chanced  to  touch  the  bare  nerve  of  the 
find  of  any  phenomenon  referable  to  this  leg  of  one  of  the  frogs  with  the  blade  of 
branch  of  electricity,  occurs  in  a  meta-  the  knife  that  he  held  in  his  hand ;  when 
physical  work,  published  in  1767,  and  suddenly  the  whole  limb  was  thrown 
entitled.  The  General  Theory  of  Plea-  into  violent  convulsions.  Galvani  was 
tures,  by  a  German  writer  of  the  name  not  present  when  this  occurred,  but  ro- 
of Sulzer,  who  observed,  that  by  apply-  ceived  the  account  from  his  lady,  who 
inf  two  metals,  one  above,  and  the  other  had  witnessed,  and  had  been  struck 
below  the  tongue,  and  then  bringing  with  the  sin^larity  of  the  appearance, 
them  into  contact,  a  peculiar  taste  was  He  lost  no  time  in  repeating  the  expe- 
perceived.  He  ascribed  this  sensation  riment,  in  examining  minutely  all  the 
to  some  vibratory  motion,  excited  by  circumstances  connected  with  it,  and  in 
the  contact  of  the  metals,  and  commu-  determining  those  on  which  its  success 
nicated  to  the  nerves  of  the  tongue,  depended.  He  ascertained  that  the  con- 
Content  with  this  loose  and  fanciful  vulsions  took  place  only  at  the  moment 
explanation,  Sulzer  appears  to  have  when  a  spark  was  drawn  from  the  prime 
pursued  the  inquhry  no  farther ;  and  the  conductor,  and  the  knife  was  at  the  same 
curious  fact  he  had  announced  remained  time  in  contact  with  the  nerve  of  the 
for  many  years  unnoticed,  until  the  at-  frog.  He  next  found  that  other  metallic 
tention  of  the  philosophic  world  was  bodies  might  be  substituted  for  the 
drawn  to  the  subject,  by  the  discovery  knife ;  and  very  justly  inferred  that  they 
of  GalvanL  Important  discoveries  in  owed  this  property  of  exciting  mus- 
science  seem  often  to  arise  from  ac-  cular  contractions  to  their  being  good 
cident ;  but,  on  closer  examination,  it  is  conductors  of  electricity, 
found  that  they  always  imply  the  exer-  (2.)  Far  from  being  satisfied  with 
cise  of  profound  thought.  As  the  fer-  having  arrived  at  this  conclusion,  it  only 
tility  of  the  soil  is  essential  to  the  germi-  served  to  stimulate  him  to  the  further 
nation  and  growth  of  the  seed  which  investigation  of  this  curious  subject; 
the  wind  may  have  scattered  on  its  sur-  and  his  perseverance  was  at  length  re- 
face,  so  it  is  principally  from  the  quali-  warded  by  the  discovery,  that  similar 
ties  of  mind  in  the  observer  that  an  convulsions  might  be  produced  in  a  frog, 
observation  derives  its  value,  and  may  independently  of  the  electrical  machine, 
be  made  eventually  to  expand  into  an  by  forming  a  chain  of  conducting  sub- 
important  branch  of  science.  This  has  stances  between  the  outside  of  the  mus- 
be(!n  remarkably  exemplified  in  the  ori-  cles  of  the  leg,  and  the  crural  nerve, 
gin  of  galvanism.  Its  founder.  Gal-  Gkdvani  had  previously  entertained  the 
vani,  was  professor  of  anatomjr  at  idea  that  the  contractions  of  the  muscles 
Bologna,  and  had  early  distinguished  of  animals  were  in  some  way  dependent 
himself  by  his  attainments  and  his  zeal  on  electricity ;  and  as  these  new  expe- 
in  his  profession,  and  especially  l^y  the  riments  appeared  strongly  to  favour 
ardour  with  which  he  cultivate  com-  this  hypothesis,  he  w\lVv  ^e.^\.  vw^t^Nij^.'i 
parative  anatomy.    It  happened,  in  the  applied  il  lo  en^XaXti  \>aft\xw.  1\^  ^war 


,  GALTANtSU. 

MmdOttimiieleorftUviMUiimdtoft  nsed  to  dcd^nte  Oi^IMrliBDAw  fcn 

Levdeniitual,  charged  by  the  •eeamula-  of  dectrml  ■eenw,  irtiida « tha  Hd^ 

Uto  of  Sectritaty  on  its  MHfcce ;  whUe  of  the  prwtnt  tM^MB. 
ha  conceived  that  the  nerve  belonging        Previouily  to  our  entering  mto  a  dt. 

to  it  performed  the  funotion  of  the  wire  tuled  exposition  of  uw  &cti  RialiK  to 

aoDUBunieklJnK  vcith  the  interior  of  the  this  tcience,  and  of  Qu  tbeories  wSA 

phis),  which  would,  of  course,  be  charged  have  been  wopoKd  Cor  ttwrcqliM- 

MSBtivcly.    In  this  state,  whenever  k  tion,  it  will  M  mcwmr  to  £net  o« 

wmmunication  was  msde,  by  means  of  attention  to  the  nature  in  fiiose  arnqge- 

«  aubstuMe  of  high  conducting  power,  ments  of  bodie*.  vhkh  an  tlw  wmw 

between  the  auriace  of  the  muscle  and  of  g»lvaiuc  power. 
tbe  nerre,  the  equiUt>rium  would  be  in- 

ihuitl*  restored,  and  a  sudden  contrao- _^^  _ 

tion  of  the  fltees  would  be  the  conse-  Ckip»k»  It 

no'iooner  made  known  to  the  adentifio    (4.)  Tb>  prooeia  nnultf  adoBtel  Ibr 

vorid,  than  Ihej  exdted  jaj  genend  obtaining  gslvaaie  deetrM^  ie  to  Bte> 

inlerest;    and   philosophers    m   every  now  between  two  pl«tei  «(  fifcal 

eountrf  in  Europe  vied  with  each  other  kinds  of  metel  aflnidc^aUtef  oat* 

In  repeating  his  experiments,  in  vaiTing  ing  some  cbemtcal  Mtion  OD  amtt  Ibi 

tbem  in  aU  possible  ways,  and  in  invent-  plalea,  srtnle  it  tau  no  wi^iaa,  or  tt  Ink 

big  all  kind*  of  hypotheses  to  account  a  different  one,  on  the  othv  sUe:  Ml 

Ibr   the    phenomena.     Borne  r^sHed  then  to  establish  n  cammndenflan  bl- 

them  ai  the  efiMs  of  a  new  and  un-  tween  the  plates  at  hmm  Otbv  pMt 

known  agent,  difltoiog  altogether  from  either  by  their  direct  eontaet  srilh  oM 

deetrieily:   while  others,  adopting  the  another,  or  by  the  interveuUoB  of eOft- 

views  of  Oalvani,  recognised  them  to  bo  ducting  mibstaneet.    Let  ne  tahi^  ftv 

dedrical,  but  allributed  them  to  a  pe-  emn^e,  a  plate  of  linn,  Z,  aad  anothv 

enhar  modi&cation  of  that  power,  re-  of  copper,   C,  (Jg.  I.)   md  minHli    < 
sidini;  in  the  animal  system  only,  and  n^  .  j 

which  they  accordin^rl)'  dislinguished  by  *'    '  ] 

the  name  of  Animai  Elerlricity.     Hut  'A''^ 

the  discovery  of  new  facts  contributed 
nan  endmore  to  iniiltiply  and  strengthen 
the  analogies  between  galvanism  and 
electridty:  till  at  length  all  doubt  of 
the  identity  of  the  agent  concerned  in 
all  these  phenomena  was  removed  bv 
the  discovery  of  the  Oalvanie,  or  Fo/- 
fai'c  Pi.e.  Whatever  share  accident 
may  have  had  in  the  orieinal  discovery 
of  Gatvani,  it  is  certain  mat  the  inven- 
tion of  (he  pile,  an  initrument  which 
has  most  materially  contributed  to  the 

extension  of   our   knowledge    in    this  them,  to  a  certain  depth  onlv,  in  dQuted 

branch  (if  physical  science,  was  purely  sulphuric  acid.  A,  ecmlained  in  a  ^asf 

the  result  of  reaioning.  Professor  Volta  vessel,  keeping  their  lower  edges  st  a 

of  Pavia,  a  name  already  familiar  to  li't'^  distance  from  one  anotbo-:  then, 

electricians,*  was  led  to  the  diseovery  of  inclining  Ihem  towards  each  other,  let 

its  properties  by  deep  meditation  on  the  "s  bring  their  upper  edges,  which  trs 

developement  of  electricity  at  the  sur-  out  of  the  fluid,  mlo  contact,  as  repre- 

fcce   of   contact  of  dillerent    metals.t  senled  in  the  figure-     Hie  airangemeiit 

We  may  justly  regard  this  discovery  as  ^^  have  thus  formed  constitutes  »hit 

fanning  an  important  epoch  in  tlie  his-  is  called  a  etUvmic  circU,  in  its  simplert 

toiy  of  galvanism :   and  indeed,   since  f""".  o'  which  the  three  parts,  or  sto- 

that  ;>eriod,  Ihe  terms,    VoUai*m,  or  menla,  are  sine,  acid,  and  copper;  eaeti 

Voltaic  JiUelricHf,  he.vti  often,  in  ho-  of  these  bodies  being  in  contact  with  thi 

nour  of  this  illustrious  philosopher,  been  '"o  others.    Under  these  eveiimslanca 

it  is  found  that  a  quantity  of  dertricilT 

TnoNK  SI  Elietticiif,  t  ll^  m  t*  set  in  motion ;  a  continued  onmnl  M 

IKS.  ri«ctncflDid])U8ingIk«ailb«iiiipl«IN 


mciil— from  the  Bc'id  to  the  copper— 
from  the  copper  back  tgnin  to  the  ^inc 
— and  so  on,  in  a  perpetual  circuit. 
Such  at  least  must  be  the  explanation 
of  the  jihenomena  on  the  hypothesis  of 
PrHnbhn,  implying  the  sin|[leness  of  the 
electric  fluiil.  But  if  the  theory  of  Du 
i'av,  which  recognises  two  oitTerent 
fluids,  be  adopted,  what  has  just  been 
stnlvd  must  l>e  understood  to  refer  ex- 
clusively to  the  current  of  vitreous  elcc- 
tricily.  Now,  according  to  that  theorj', 
every  such  transfer  of  electricity  con- 
sists of  an  interciiani^  of  the  two  fluids: 
the  current  of  vitreous  electricity  just 
nieniiimed,  must,  therefore,  necessarily 
be  accompanied  by  an  opposite  current 
of  resinous  electricity ;  that  is,  of  one 
flowinit  from  tlie  linc  to  the  copper; 
from  (tie  copper  to  the  acid ;  and  Irom 
the  arid  to  llic  zinc.  Hence  in  our  fu' 
ture  explanations  of  the  phenomena  of 
galvanism,  it  will  l>e  sufficient  to  ex- 
press! the  former  of  these  currents  only ; 
Srovided  we  iMarin  mind  that  the  trans- 
;r  of  any  quantity  of  vitreous  electricity 
in  a  given  nireclion,  implies  the  transfer 
of  an  c<iual  tguanlily  of  resinous  electri- 
.  city  in  the  opposite  direction, 

( ii.)  Tlic  same  effects  will  take  place, 
if,  instead  of  allowing  the  metallic  plales 
to  come  in  direct  contact,  the  communi- 
cation lietwen  (hem  be  effected  by  wires, 
(as  shewn  in  Jig.  2.)  extending  from  the 
Fig  2. 


by  means  of  wire^,  enables  us  'ln"'direct 
the  electric  current  through  such  bodies 
as  we  may  wish  to  subject  to  its  opera- 
tion, and  at  the  same  time  gives  us  the 
power  of  inlerrupting  or  renewing  at 
pleasure  the  communication  between  the 
two  mefallic  plates,  by  merely  separat- 
ing or  joining  fogether  their  remote  ex- 
tremities at  Y.  When  united,  the  wire 
W,  which  proceeds  from  the  copper- 
plate C,  is  imparting  electricity  to  tie 
wire  X,  whidi  touches  the  linc  plate  Z ; 
hence,  the  former  is  considered  as  being 
in  a  posilive,  and  the  latter  in  a  nega- 
tive state. 

(6.)  The  electrical  effects  of  the  sim- 
ple   apparstvis   just  described  are,   in 
gencrn),  too  feeble  to  be  jierceived,  i 
less  '  ■  ~"      . 


frogs,  in  their  original  form,  afford, 
however,  examples  of  the  uueralion  of 
simple    galvanic   circles.     When    the 


from  the  linc  to  the  copper,  through 
the  substance  of  the  tongue,  affects  the 
ner\'cs  of  that  orean,  so  as  to  give  rise 
to  sensations  of  taste.  In  (ialvani's 
experiment,  muscular  contractions  were 
produced  by  forming  a  connection  be- 
tween tno  different  metals,  one  of  whidi 
was  applied  to  the  nerve,  and  the  other 
to  the  muscles  of  a  frog's  leg.  It  is 
evident  that  such  an  arrangement  com- 
poses a  galvanic  circle,  deriving  its 
activity  from  the  chemical  properties  of 
llie  fluids  in  those  parts  of  Ihe  frog  that 
are  in  contact  with  the  metal*.    Al- 


one to  the  other.  Tho  circuit  of  elec- 
tricity will  Uius  be  lengtliened,  but  the 
currents  will  move  in  the  same  direction 
as  before ;  that  of  the  positive  eleclri- 
cily  being  denoted  in  the  figure  by  the 

So'sition  of  the  arrows  ;  namely,  in  the 
uid,  from  the  line  towards  the  copper ; 
and  along  the  wire*,  bam  the  copper  to 
the  zinc.    The  completion  of  the  circuit 


injiposed  to  be  exceedingly  minute,  it  is 
yet  stifRcient,  whi^n  passing  over  the 
exquisitely  sensible  nerves  of  the  tongue, 
or  through  the  highly  irritable  fibres  of 
a  frog,  to  produce  a  veiy  consideral)le 

(7.)  It  has  even  been  found  possible, 
by  means  of  a  very  small  galvanic  circle 
of  the  same  simple  kind  as  that  ivlncli 
we  have  descril>ed,  to  produce  some  of 
the  more  energetic  ctfecLs  of  galvanism, 
such  as  raising  the  temperature  of  the 
wire  whicli  conducts  it  to  a  red  heal. 
We  are  indebted  to  the  ingenuity  of  Dr. 
Wollaston  for  the  conlrivawiie  ot  an  »:^ 
paratus,  whwh  he  cb.\\«  o.w  elentenlarf 
gaivanic  battery,  c«5»^'i»  <A  ci!«id>KsM| 
i&  % 


4  GALVANTSU. 

tUi  eSM.*    He  found  flut  a  ainf^  fieent  bktterr  belonging  to  the  LMdn 

platfl  of  line,  of  the  siie  of  a  iquare  Inatitution,  and  which  vru  cotutnoM 

nuii,  irhen  properly  mounted,  and  sus-  under  the  direction  of  Mr.  Vmjt.'    It 

pcwled  in  diluie  idphuric  ftcid,  between  comiiti  of  two  platei  only,  t&e  ons  i 

two  copper  plates  of  similar  dimension!,  sine,  and  the  outer  of  copper,  eoiU 

wu  more  than  sufficient  to  ignite  a  wire  round  acylinderofwood,  onapmeded 

of  plaJina,  one  three-thousandth  of  an  from  coming  into  contact  by  ropei  of 

inch  in  diameter,  which  formed  part  of  horse  hair,  which  is  a  non-conduGttB( 

the  connection  between  the  two  metals,  lubstance,  interposed  in  TUioai  ^Ms 

<S.)  It  will  readily  be  conceived,  that  between  them.    The  lenfclhof  each  {Ue 

by  enisling  the  lize  of  the  plates,  then:  is  60  feet,  and  its  breadth  twolM;  (he 

power  inll  be  proportionBUy  increased,  total  surface  t)eing40a  squv*fteL    tt 

The  first  batteiy  of^this  kind,  on  a  very  order  (o  charge  this  ImIIot,  Uw  whots 

large  scale,  was  ttut  constnicted  tiy  Dr.  coil  Ls  immersed  in  a  tab  e  '  '  ' 
■  Hare^  professor  of  chemistry  in  the  uni- 
versity of  Philadelphia,  and  called  by 
btan  a  Calorimolor,  from  its  remarkable 
power  of  producing  heat.t  It  consisted 
U  itwets  of  line,  and  of  copper,  formed 
into  coib,  so  as  to  encircle  each  other, 
■eparated  only  by  blerstices  of  a  quarter 

of  an  ineh  in  width.    This  construction  ^ 

ia  ihown  iaflg.  3,  which  exhilnta  a  hori-  lo  as  to  form  what  ia  ti 

Rg.  3.  iKwnd  gtOvmie  eireU.    To  tUi  dui 

^  belongs  tbe  galvanic  lule,  diaoDvcnd  bf 
VoHa,  and  aoDOuncea  by  liin  ia  ftp  ~ 


acid  uf  the  proper  itrengttb 
CaAnas  IIL 
Comjxiuixd  Gabtanie  Cinlm. 
(10.)  Many  of  the  effecta  at  galnBMBi 

auire  for  their  production  theoandiiaBd 
uence  of  a  numtier  of  pUtn,  aimgri 


voita,  and  announced  by  tain  m  &■■« 
which  he  transmitted,  in  the  jmr  am, 
to  the  Royal  Societv.  He  had  lien' W 
by  theory  to  coneeiTe  that  tin  eT  '   ' 


ingle  pair  of  metallic  platet  wiM  bt 
. --Teased    indefinitely    by   mr^J-'-- 
their  nural)er,  and  disponr~ 
pairs,  with  a  less  pertect  . 

substance  interposed  betmen ,  _ 

For  this  purpose  he  provided  BB  equal 
lontal  section  of  the  plates  aj  they  are  number  of  sUver  coins,  and  of  peeei  <d 
coiled  together:  the  thick  line  Z,  repre-  'ine,  of  the  same  form  and  ditDOHiou: 
senting  the  zinc,  and  the  thinner  line  C,  P*)  ^'O  circular  discs  of  card,  Makal 
the  copper  plate.  The  linc  sheets  were  i"  f^^'t  water,  and  of  somewhat  lesi 
nine  inches  by  six  ;  the  copper  fourteen  diameter  than  the  metallic  plates.  Of 
by  six;  more  uf  the  latter  metal  being  "■«»«  he  formed  a  pile  or  column,  ai 
required ;  as  in  every  (»)il  it  was  nuide  *l)ovrn  iny^.  4  :  in  which  the  ttiree  tub- 
to  commence  within  trie  zinc,  and  com-  J^V  j, 

pletely  to  surround   it  on  the  oulaide,  

Each  coil  was  about  two  inches  and  a 
half  in  diameter;  their  number  amounted 
to  80 ;  and  by  means  of  a  lever  they 
could  all  be  let  down  at  the  same  mo- 
ment into  as  many  glass  j  ars,  tfto  inches 
and  three  quarters  diameter  inside,  and 
eight  inches  liigh,  placed  so  as  to  receive 
them,  and  contaimne  tbe  acid  Liquor  in- 
tended to  act  upon  the  zinc. 

(9.)  To  the  class  of  simple  galvanic 
circles  must  also  be  referred  the  magni- 


LDr  Wo'  stances,  lilver.f  zinc,  and  wet  eai4>  '*' 

ll^j'Ji  noted  by  the  letter  S,  Z,  and  Wt<g 

"■pi"*         •  FMoiBfAitmlTrmmctlimf  far  UB,  p.  iV" 
r"i°"'.         t  OoMT  mMi  kun  b«B  mmi  him*  af| 
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ir  the  pilen 
Fig.  5. 


made  to  succeed  one  anothCT  in  the  lamo 
refjftilar  order  IhrouKhout  the  leriei. 
The  cffie&cy  of  this  coinbintlion  realized 
the  moat  lanpiine  anticipations  o(  the 
discoverer;  it  far  exceeded  in  power  the 
•ingle  circle  already  descrit>ed.  If  llie 
upp«ra)ost  disc  of  metal  in  the  column 
be  touched  with  the  tinker  of  one  hand, 
previously  wetted,  while  a  finger  of  the 
Other  hand  is  applied  to  the  lowermost 
disc,  a  distinct  shock  is  felt  in  the  arnii, 
similar  to  that  from  al^denphial,  or 
still  more  nearly  resembling  that  from 
BR  electrical  battery  ^veakly  charged. 
A  repefition  of  shocks  is  obtained  for  an 
indelinite  period,  whenever  the  circuit  is 
completed  by  touching  the  two  ends  of 
the  pile  with  the  moistened  fingers.  The 
strength  uf  the  shock  is,  as  might  tie 
expected,  greater  in  proportion  to  the 
number  of  plates  of  which  the  pile  is 

■ere  raised  to  any  consi- 
derable height,  it  would 
■r— -^■imn^^M  "''^'""sly  be  in  danger 
BliLjJH  I  "*'  "^csBttinf!  :  this 
IIIIII^VM  uj^y  jjg  prevented  hy 
placing  tne  discs  be- 
tween three  vertical 
glass  rods ,  properly  v  ar- 
nished,  and  cemented 
into  two  thick  pieces  of 
wood,  one  of  whicli 
serves  as  a  t>ase,  and 
the  other  as  a  cover  to 
tlH!  pile.  8ee/lg.  5. 
I  (I  I.)  Any  numhar 
'  of  these  piles  may  be 
combined  so  as  to  form  a  battery, 
by  making  a  metallic  communication 
between  the  last  plate  of  the  one  and 
the  first  of  the  next,  and  so  on  ;  taking 
care  that  tha  order  of  succession  of  the 

Elates  in  the  circuit  be  preserved  invio- 
Lie,  as.is  shown  mflg.  6,  where  the  dark 
Fig.  6. 


hnes  indicate  the  copper,  and  the  lighter 
linei  the  linc  plates  in  each  pair,)  each 
vessel  will  contain  one  plate  of  zinc  and 
one  of  copper,  which,  as  they  belong  to 
diCferent  psirs,  are  not  connected  toge- 
ther, except  through  Ihe  medium  of  the 
intervening    fiuid    in    that    particular 

(13.)  The  first  apparatus  of  this  kind 
was  constructed  by  VolU,  who  ent^lo^iri. 

r for  that  purpoia  ».  tatviM  *tw»  A^ 

(12.)  7^  component  put!  of  tbe  pile    cups,  ua  wew»  Bww  '*.  ^i«  w^*  A 


different  from  the  preceding,  and  corre- 
sponding more  nearly  to  the  elementary 
g^vanic  circle  in  its  simplest  state  al- 
ready described  ((4,5).  Inlhisnewar- 
rangement  the  metallic  plates,  instead  of 
being  piled  one  above  the  other,  are 
placed  side  bv  side  in  a  vertical  position, 
and  combined  together  in  pairs,  consist- 
ing each  of  one  zinc  and  one  copper  (or 


ber  of  glasses  t>eing  provided,  and  filled 
with  water,  or  some  acid  or  saline  solu- 
tion, they  are  to  be  placed  aide  by  side, 
so  as  to  form  a  circle.  The  two  plates 
belonpng  to  each  pair  are  then  to  be 
immersed  in  Ihe  fluids  contained  m  two 
ditfercnt,  but  adjoining,  glasses ;  the 
zinc  plate,  for  instance,  in  the  first  glass, 
and  the  copper  in  the  second.  The 
plates  of  the  second  pair  must  l>e  im- 
mersed, in  a  similar  way,  in  the  second 
and  third  glasses  ;  and  so  on  successively 
throughout  the  series,  taking  care  to 
preserve  the  same  order  of  alternation  in 
the  metals.  It  is  evident  that  by  this 
arrangement,  (of  which  an  horizontal 
section  is  shown  in  j!^.  7,  where  the  dark 
fig- 7. 
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CouronM  de  ias$a.  If  the  circuit  be  eleclricit;  from  the  wire,  is  the  illative 
interrupted  at  any  one  point,  by  remov-  pole,  ifie  same  observations  ajiply  to 
ing  one  or  more  of  the  vessels,  the  in-  t)ie galvanic  pile;  the  line  end  beuif;  the 
stniroent  is  rendered  similar  in  its  opera-  positive,  and  the  copper  (or  silver)  end 
tion  to  the  pile,  and  the  metallic  jilales  the  negalive  pole, 
at  each  end  of  the  series  which  are  not  (15.)  It  will  be  perceived  that  the  de- 
immersed  in  fluid,  may  be  connected  to-  nominations  of  the  zinc  and  copper  end* 
{ether  by  means  of  wires  in  order  lo  of  the  pile  or  compound  battery,  as  being 
complete  the  circuit.  Such  an  arranee-  positive  and  negative,  are  exactly  the 
ment  is  shown  in  Jig.  8,  where  the  linc  reverse  of  what  obtains  in  the  sin);lo 
p^g_  g_  galvanic  circle,  where,  as  we  have  seen, 

it  is  the  copper  plate  which  is  positive, 

^  •     '_  _       _  B  and  1  he  zinc  negative,  with  rejal ion  to 

Ihc  communicalini;  wires.  But  as  the 
direction  of  the  electrical  currents  is  the 
same  in  the  cnrnjiound  as  in  tlie  simple 
circle,  this  cenlrariety  in  the  qualities  of 
the  poles  appears,  at  first  sight,  para- 
doxical, liut  the  difficulty  vamshei 
whca  wc  advert  to  the  circunutance, 
that  in  the  simple  galvanic  drcle  the 
conducting  wire  communicates  directly 
with  (hat  plate  whicti  is  in  coataid  nith 
*nd  copper  plates  are  martted  respec-  the  fluid  part  of  the  apparatus;  while  in 
tively  wilh  the  letters  Z  and  C:  and  the  the  compound  circle  it  proceeds,  not 
course  of  (he  electric  fluid  denoted  by  from  the  plate  immersed  in  the  fluid,  but 
the  arrows.  from  that  which  is  associated  wilh  it, 

(14.)  It  is  also  to  be  observed,  that  in  and,  therefore,  of  a  different  kind.  TIN 
every  compound  galvanic  circle,  such  compound  circle  reduced  to  iti  condition 
as  is  excmplifled  in  ihis  apparatus,  Ihe  of  greatest  simplicity  would  be  rei^e- 
direettun  oF  tliu  electric  current  is  pre-  sen  ted  by  the  following  series,  consisting 
idsi'ly  the  same  as  in  a  simple  galvanic  of  five  parts,  namely, 
circle  composed  of  the  same  elements,  cupjier — eine—^uiti^eopper — gi»£. 
In  the  [iresciit  c»sc,  where  zinc  and  cop-    In  this  nrrangement  Ihe  copper  end  is 

Ser  arc  tlie  metals  employed,  and  Ihc  negative, and  the  zinc  end  positive,  liy 
uid  acis  upon  the  former  so  as  lo  o\i-  merely  re  m  o  ving  Ihe  two  term  inal  plates,* 
dale  it,  a.  siream  of  positive  electricity  is  wliicli,  in  fact,  are  no  ways  coni^trned 
contmually  circidaluii:  from  llie  zinc  to  in  the  ellect.  we  brin^  it  to  the  stale  of 
the  copiier  plate  containt-d  in  the  same  the  single  circle,  consisting  simply  of 
vessel,  tnrou^h  theoxidiilinitlluid  whicb  xinc~Jluid— copper ■• 

sepomtes  them ;  and  is  traiisferred  from  here  we  find  the  zinc  end  negative,  and 
tite  copper  to  llie  zinc  plule  contain i-d  in  Ihecopper  end  positive.  It  is  highly  iie- 
the  next  vessel,  along  tile  slip  of  metal  cessary  to  possess  clear  ideas  of  Uiis  dil- 
which  connects  them.  Following  its  fcrencc.  since  much  ambiguity  has  arisen 
course  in  Ihii  manner  to  tlie  end  of  the  from  inattention  to  it  in  describing  ex- 
series,  we  find  the  electric  current  pass-  pcrimcnls,  and  reasoning  upon  ilieir 
ins,  on  from  the  last  copper  plate,  con-  results,  more  esi>ccial]y  in  tl'O  study  ot 
tained  in  the  i.ist  vessel,  lo  the  zinc  cleclro-magneUsm,  hereafter  to  be  con- 
plate  comiet-ttti  wilh  it,  and  tlience  con-     sidercd, 

veyed  along  Ihe  wires  of  com munica-  (IC.)  A  much  more  compendious 
tion,  round  (o  the  cop[H?r  plate  a,t  the  furra  may  be  given  lo  a  batlcry  con- 
other  end  of  tlie  series.  The  direction  of  siructed  on  the  principle  of  Ihe  Cum- 
tliis  current  is  shown  in  the  figure  by  Tonne  do  lasatt,  by  employing  a  trough 
the  arrows  above  and  below,  ll  is  evi-  divided  into  numerous  compartments  bv 
dent,  therefore,  that  that  end  of  tlie  bat-  piirtitions,  the  whole  being  made  of  noti- 
tery  which  is  terminated  by  a.  zinc  plate  conducting  materials.  Tliis  will  admit  ] 
b  that  from  which  electricity  is  given  ofllicpktesbeingbroughtnearcrloeacb 
out  to  tlic  wire,  and  is,  consequently,  the    other,  and  of  a  much  greater  uumbcf 

iwsitivecnd,  or  poj.!,  as  it  is  called,  of : -, j 

the  batterj-.  For  the  same  reason,  Ihe  •  v<.i,«.  in  ™fomiiy  wi'ih  a,,  i\wj  u  M  ' 
opposite  end,  or  that  terminated  by  the  "-i-p'-'i.  '■i>n-^'i«iJ  ifcf .-  wrBi.,!  pUi«  -jiin  i 
coiijier  plule,  aud  which  lewves  \ii«    orv»'S™mS5Si'/Ctt;SV.         '"^'"^ 
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being  eonUinei]  in  a  Kiven  ipace.    The  plates,  and  each  plftte  containing  thirif- 

xinc  And  copper  plates  are  united  in  two  square  ini:hes.    Tlie  whole  number 

pain,  as  before,  by  n  slip  of  metal  pass-  of  double  plates  is  2000,  and  the  tvhols 

ing  from  the  one  and  soldered  to  the  surface  124,000  Hquare  inches, 

other:  each  pnir  beinfr  placed  so  as  to  (17.)   A   trough   battery  on  anotiKT 

enclose  a  partition  between  them,  and  construction    was    invented    by    Mr. 

I'Qch  ;:ell  containing  a.  plate  of  zinc  con-  Cruick shanks,    and    is   represented    in 

netted  with  the  copper  plateuflhe  sue-  Jtg.  10.    Plates  of  zinc  and  of  copper, 

c  ted  in  g  cull,  and  a  copper  plnte  joined  fVn-  10 

with  lilt  zinc  plate  in  the  preceding  cell.  *" 
Suth  an  apparatus  is  culled  a  irough 
battery,  ind  is  represented  in  jig,  9. 
Fig.  9. 


united  by  their  flat  sui^cet  1^  splder- 
in;,  are  employed  to  form  ihe  parlitioni 
themselves,  and  are  fixed  into  ^oovea  in 
(he  sides  of  a  trough  of  baked  wood, 
which  is  a  bad  conductor  of  electricity, 
so  as  to  leave  sufficient  intervals  to  hold 
small  quantities  of  fluid.  They  must,  of 
course,  be  arran((ud  no  that  all  the  zino 
surfaces  shall  be  on  one  side,  and  all 
ttie  copper  surfaces  on  lilt  other.  The 
battery  is  cliurged  by  filling  the  cells 
with  a  saline  solution,  or  with  dilute 
acid,  and  the  galvanic  circuit  completed 
The  Irough,  T.  may  be  made  of  baked  l'^  •"inK'nff  Ihe  two  wires  procei-dinji 
mshojcany,  with   partitions    of   glass  :    ,^;"„'^  !l!'fl^      ?,.^il!^.'"  """'"*'' 


trnin  I  he  ends  of  the 
with  one  another.    The  tectum,^.  1 1, 
«*.  11. 


but  it  is  found  more  convenient  to'  cou' 
struct  the  whole  of  on«  material,  and 
Wedgwood  ware  answers  best  for  this 
purpose.  Each  trough  is  usually  fitted 
up  wiih  ten  or  twelve  cells.  The  plates, 
P,  adapted  to  Ihtra,  are  connected  to- 


cells,  or  lifted  out,  together.  A  further 
advantage  arises  from  this  construction, 
that  the  plates  and  the  fluid  being  inde* 

Ecndent  of  each  other,  the  former  may 

e  readily   cleaned  or  replaced,   when  -^ — ■» 

worn  or  injured,  without  disturbing  the  will  tend  to  elucidate  the  principles  of 

fluid :  and  the  latter  may,  in  like  man-  its  action.    Troughs  of  this  uonHtruc- 

ner,  be  removed  and  changed  with  the  tion,  however,  are  exceedingl;|r  liable  to 

utmost  facility.    A    numl>er  of   these  get  out  of  order,  from  the  action  of  the 

troughs   may   l)e  combined  with  great  liquid  on  the  wood,  which  it  tends  to 

ease,  by  connecting  together  the  termi-  warp.    The  plates  require  to  be  fixed 

nal  plates  of  the  adjoining  troughs,  by  into  the  grooves  by  cement,  in  order  to 

slips  of  copper;  taking  care,  as  in  the  render  them  water  tight;  but  this  ce- 

rase  of  the  pile,  (5   11.)  to  preserve  mentis  apt  to  crack  from  the  warping 

throughout  the  whole  series  the  same  of  the  wood,  and  other  causes,  and  the 

order  of  alternation   in  the  plates,  by  liquid  insinuating  itself  into  the  llssures, 

connecting  the  zinc  end  of  one  battery  impairs  the  power  of  the  instrument  by 

with  Ihe  copper  end  of  the  next.  destroying  the  insulation  of  the  cells. 

The  voltaic  batteiy  t>elonging  to  the  (18.)    The  power  of  a  battery  iscon- 

Itoyal  Institution,  which  is  of  immense  siderably  increased  when  both  surfaces 

povrer,  is  constructed  on  the  )>lan  above  of  each  plate  of  zinc,  in  contact'H'&.hVW 

described,  and  consista  of  200  separate  oxidating  ftuid,  are  oy^owiV-a  mn^'»^ 

parts,  each  part  composed  of  tea  double  of  gopp«r.  In  <n^  \Q  vKAW^^iwft^au. 
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it  win  be  veetMuj  to  add  a  wcond  Krooved.  A  dn^  of  tin  i>  nm  inlo  CMh 
eoppcr  plate  to  each  pair,  so  utKt  eveir  Tower  corner  to  render  the  celli  per. 
cell  may  contain  one  linc  and  two  cop-  fectly  tight  Fig.  14  repreaenli  the  a» 
per  platet,  the  former  being  placed  be-  k^  I^ 

tween  the  latter,    Thii  plan,  which  was  ^'     * 

■uggeited  by  l>r.  Wollaaton,  was  adopt- 
ed by  Mr.  Children  in  the  conslniction 
of  a  very  large  battery,  in  which  each 
plate  waa  six  feet  long,  by  two  feet  eight 
mchei  broad,  >o  that  it  presented  thir^- 
two  iquait  feet  of  surface,* 

(19.)  An  ingenious  application  cf  this 
principle  was    made  li;  Mr>  Hart  of 
Glasgow,  in  the  construction  of  a  gtj- 
vanic  twttery,  requiring  no  other  ma- 
terial for  confining  the  fluid,  than  the 
metals    themselves     which    form    the 
m|cl«.    Th.s  he  accomplished  by  con.    plate,  having  a  piece  of  «rewed  brssi- 
IS^  JL^^h"*""^^"  ''°T>!,.P'""  ""°    *i™  cast  into  the  top  of  it  for  the  pur- 
cells,  by  adding  Bides  nna  bottoms,  so  as     pow  of  lusDmsi™.    MVisi..«S«i 
to  enable  them  to  hold  the  acidulous 
fluid  into  which  the  zinc  plates  are  im- 
tpersed.    Tlie  cells  are  formed  by  cut- 
ting a  sheet  of  copper  into  the  farm 
shown  in;^.  12.t  TMy  are  then  folded 
Fig  12. 


pose  of  suspension,  i^.  IS  isft  seetioa 
Fig.  IS, 


rd  IB  fata,  Witt  Mdt4, 


of  the  battery,  showing  how  the  copper 
tail  of  the  first  cell  is  connected  with  the 
zinc  plate  of  the  second,  and  so  on. 
The  connexion  is  rendered  perfect  by 

i'oining  tliem  with  a  drop  of  solder, 
iach  xinc  plate  is  kept  firmly  in  il) 
place  by  three  small  pieces  of  wood. 
The  whole  series  is  then  fixed,  by  means 
of  screw-nuts  fitted  on  to  the  brass  wires. 
to  a  bar  of  baked  wood,  previously  well 
varnished.  When  the  battery  is  to  be 
used,  it  must  be  lifted  off  the  frame, 
and  dipped  into  a  wooden  trough, 
lined  with  lead,  containing  the  acid.  It 
is  then  placed  on  the  ftameand  is  ready 
for  action.  Such  a  battery,  with  an 
equal  number  of  zinc  plates,  is  found  to 
possess  considerably  greater  power  than 
the  best  batteries  of  the  ordinary  con- 

(ao.)  Various  contrivances  have  been 
employed  for  converting  a  compound 
voltaic  battery,  consisting  of  a  cettail 
number  of  alternations  of  plates,  into  • 
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battery  having  a  imaDer' number,  or  On  the  contrary,  the  voltaic  battery  con- 
even  into  one  corresponding  in  principle  tinues,  for  an  indefinite  time,  to  develop 
to  the  simple  battery  witli  a  nii^e.pair  and  supply  vast  quantities  of  electricity, 
of  plates,  such  as  the  calorimbtor.  which,  far  from  bein^  lost  by  returning 
These  changes  may  be  efiected  by  alter-  to  their  source,  circulate  in  a  perpetuu 
in^  the  connexions  of  the  plates,  and  stream,  and  with  undimished  force, 
uniting  several  plates  of  the  same  metal  The  effects  of  this  continued  current  on 
together,  so  that  thev  may  act  as  only  the  bodies  subjected  to  its  action-,  will, 
one  plate;  oriftheefiectof  acalorimotor  therefore,  be  more  definite,  and  will  be 
be  desired,  connecting  all  the  zinc  plates  constantly  accumulating ;  and  their 
together,  and  also  all  the  copper  plates,  amount  will,  in  process  of  time,  be  in- 
so  that  the  whole  may  act  only  as  a  comparably  greater  than  even  those  of 
single  pair.  the  ordinary  electrical  explosion.    We 

shall  accordingly  find  that  changes  in 
the  composition  of  bodies  are  effected 

CHAPTER  IV  by  galvanism  which  can    be  accom- 
plished by  no  other  means.      Hence 

Effects  of  Galvanism.  may  be  conceived  the  advantages  which 

have  accrued  to  science  from  the  ac- 

(21.)    Thkrk   are  three  principal  cir-  quisition  of  an  instrument  of  such  vast 

cumstances    in    which    the    electricity  power,  and  admitting  of  such  extensive 

produced  by  the  voltaic  battery  differs  application  in  the  wide  field  of  chemical 

from  that  obtained  from  the  ordinary  research. 

electrical  machine;  first,  the  very  low  it  will  be  convenient  to   study  the 
degree  of  intensity  in  which  it  exists  in  effects  of  galvanism  in  then-  relation  to 
the  former,  when  compared  with  the  the   three    circumstances   which  have 
latter ;  secondly,  the  very  large  quantity  been  noticed  as  characterizing  its  ope- 
of  electricity  which  is  set  in  motion  My  ration  when  contrasted  with  those  of 
the  voltaic  battery ;    and  thirdly,  the  ordinaiy  electricity, 
continuity  of  the  current  of  voltaic  elec- 
tricity, and  its  perpetual  reproduction,  {  i.  Ordinary   Electrical   effectM   re^ 
even  while  this  current  is  tending  to  suiting  from  Oalvanism. 
restore  the  equilibrium.    The  effects  of 

the  voltaic  pile  have  been  compared  by  (22.)  The  degree  of  intensity  in  which 

the  inventor  of  that  instrument  to  those  the  electricity  developed   by   a   single 

of  an  electric  batterv  of  large  dimen-  galvanic  circle  exists,  is  so  extremely 

sions,  but  charged  only  to  a  low  degree;  low,  that  its  action  produces  none  of 

in  which  case,  as  appears  frona  what  has  the  usual  phenomena  exhibited  by  the 

already  been  said  on  this  subject  in  the  common  electrical  machine.   Even  from 

Treatise  on  Electricity,  a  large  quantity  the  largest    calorimotor  that  has  yet 

of  electricity  maybe  contained,  with  a  been  constructed,  it  is  not  possible  to 

very  small  tendency  to  escape,  or,  in  obtain  indications  of  electrical  attraction 

other  words,  with  a  very    feeble  in-  and  repulsion,  such  as  are  given  by  the 

tensity.    The  comparison  is,  in  many  feeblest  degree  of  excitation  to  a  piece 

respects,  jast;  but  it  fails  in  regard  to  of  sealing-wax.    With  a  few  alternations 

the  third  property  we  have  noticed  as  of  plates  and  interposed  fluid,  as  in  the 

belonging    to  the    voKaic    apparatus ;  pile  or  trough  battery,  electrical  indica* 

namely,  the  continuity  of  the  current  tions  may  be  obtained,  by  means  of  an 

arising  from  its  perpetual  reproduction  ordinary  condenser.    It  is  neccssaiy  in 

and  circulation.  these  experiments  to  advert  to  the  dis- 

However  considerable    may  be  the  tinction  already  pointed  out  ($  15.)  be- 

power  collected  in  a   highly  charged  tween  single  and  compound  circles  as 

electric  battery,  the  whole  of  that  power  to  the  denomination  of  the  extremities 

is  at  once  expended  as  soon  as  the  cir-  or  poles  of  the  batter)'.    In  the  com- 

cuit  is  completed.    Its  action  may,  while  pound  circles  the  zinc  side  is  found  to 

it  lasts,  be  sufficiently  energetic ;  but  it  be   positive  and  the  copper  negative. 

is  exerted  only  for  an  instant ;  and,  like  When  fifty  pairs  of  plates  are  emploved, 

the  destructive  opmtion  of  lightning,  a  delicate  gold-leaf  electrometer  will  be 

can  effect,  during  its  momentary  pas-  affected,  without  the  aid  of  the  condenser, 

sagje,  only  sudden  and  violent  cKanges,  and    with  a  series  of    one    thousand 

ivhich  it  is  beyond  the  power  of  the  groups,  even  pith  balls  are  made  I 

cxperijuentalist  ^to  rq;iila{e  or  control,  divei^    In  oroer  to  eiiubii  these  et 
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feci  9,  the  wire  proceedin;;  from  one  ex-  of  small  partid^  of  iron  in  ft  state  of 

treinity  of  the  battery  should  be  con-  intense  combustion.    With  a  series  of 

npcled>\'ith  the  foot  of  the  electrometer;  one  thousand,  each  discharge  is   at- 

while  the  wire  proceeding  from  the  op-  tended  with  a  sharp  sound,  and  wiD 

posite  extremity  is  made  to  touch  the  bum  thin  metallic  leaves.    This  is  the 

cap.     It  was  by  means  of  the  revolving  more  remarkable  as  the  same  voltaic 

doubler  vsee    Electricity,  }  195.)  that  battery  may  not  have  sufficient  power 

the  electrical  states  of  the  two  ends  of  to  produce  these  effects  by  itself,  or  un- 

the  voltaic  pile  were  first  ascertained  by  connected  with    an  electrical  battery. 

Messrs.  Nicholson  and  Carlisle.*  The  shortest  possible  contact  with  the 

(23.)  Since  the  ends  of  the  two  wires,  voltaic  battery  is  sufficient  for  gi^'i^ifiT 

which  proceed  from  the  two  poles  of  the  whole  of  the  charge  which  it  is  ca- 

the  voltaic  battery,  are  in  opposite  states  pable  of  communicating.    This  was  ap- 

of  electricity,  we  might  naturally  expect  parent  in  some  experiments  made  by 

that  they   would  attract  one  another.  Van  Marum  and  PfafF  with  a  batteiy 

Such  an  attraction  actually  does  take  having  137^  square  feet  of  coated  sur- 

place,  as  Biot  found  by  experiment  ;t  face,  and  which  was  charged  to  1he 

but  it  does  not  become  sensible,  unless  same  degree  of  intensity  as  the  pile  with 

a  battery  composed  of  a  great  number  which  it  was  made  to  communicate,  by 

of  plates  is  employed.  a  contact  which  did    not  last  for  the 

(21.)  The  general  conclusion  dedu-  twentieth  part  of  a  second.* 

cible  from  the  facts  that  have  now  been  -  ^     r                 ^  ^      ^  ^  . 

stated,  is  that  the  intensity  of  the  clec  J  2.   Luminous  effecU  of  Galvantm. 

tricity  developed  by  galvanic  combina-  (26.)  It  is  only  when  tlie  electricity  of 
tions  is  increased,   accordmg    as    the  a  voltaic  battery  possesses  a  sufficient 
number  of  alternations  in  the  elements  intensity,  that  it  becomes  capable  of 
which  compose  them  is  greater,   and  passing  through  air.    With  the  calo- 
that  it  bears  no  proportion  to  the  mag-  rimotor  the  intensity  is  too  feeble  to 
nitude  of  their  surfaces.  enable  it  to  traverse  the  smallest  pcr- 
(25.)  If  the  voltaic  battery  be  of  suf-  coptible  interval  between  metallic  con- 
ficient  size,  its  electricity  may  be  trans-  ductors,  so  that  they  must  be  brought 
feired  to  a  common  electrical  battery,  into  actual,  or  at  least  apparent,  con- 
winch  will  then  become  charged  to  the  tact,  before  any  sensible  effect  is  pro- 
same  degree  of  intensity.  Nothing  more  duced.     In  a  pile  or  trough  battei  v,  on 
IS  necessary  for  this  purpose  than  to  tlic  other  hand,  composed  of  a  consider- 
connect  the  outer  and  inner  coatings  of  able  number  of  alternations  of  plates, 
the  electrical  batteiy,  respectively,  wifh  on  bringing  together  the  wires  from  the 
the  two  poles  of  the  voltaic  battery;  opposite  poles,  the  transfer  of  electricity 
when  the  charge  will  be  instantly  com-  begins  while  they  are  yet  at  a  sensible 
municated   to   the   former.     If  on  re-  distance  from  one  another  :  and  as  in 
moving  It  from  the  voltaic  battery  this  the  case  of  ordinary  electricitv,  thistran- 
electncity  be  discharged,  and  the  same  sit  through  the  air  is  accompanied  l)y 
communications  be  renewed,  a  similar  vivid  light.    The   sparks   occur  every 
charge  will  again  be  received  ;  and  Uie  time  the  contact  between  the  wires  is 
same  process  may  be  repeated  an  m-  broken,  as  well  as  when  it  is  renewe^J. 
definite  number  of  times.     If,  instead  This  phenomenon,  which  does  not  take 
of  removing  the  electrical  l)attery,  we  place  \Nith  the  electricity  furnished  by 
allow  It  to  remain  connected  with  the  the  ordinary  means,  is  characteristic  of 
voltaic  batteiy,  a  rapid   succession  of  voltaic  electricity,  and  is  a consequeiKC 
sparks  may  be  obtained  from  it  by  con-  of  its  continuous  supply.     The  stream 
nceting  a  wire  with  the  outer  coating,  continues  to  flow,  notwithstanding  the 
anu  repeatedly  sli ikm-  the  knob  of  the  interruption  to  the  line  of  circuit,  and 
phial  with  the  othei;  end  of  the  wire.    If  as  long  as  the  conductors  remain  within 
tlie  series  of  plates  m  the  voli  ale  battery  the  striking  distance  ;  and  although  this 
consist  of  three  or  four  hundred  alter-  happens  only  for  an  instant,  tliere  is 
nations,  these  rapid  explosions  are  so  siiU  sufficient  time  for  the  appearance 
))owerful  as  to  ignite  the  end  of  the  wire,  of  a  spark 

If  it  be  of  iron,  and  to  cause  it  to  throw  (27.)'  Tile  most  splendid  exhibition  of 

ott  an  abundance  of  sparks,  consistmg  electric  light  is  that  obtained  by  placing 

"    '- pieces  of  charcoal,  shai)e<.l  like  a  pencil, 

•  Nicholnon's  Journal,  4lo.  iv.  174.  ■ 

1  13iwt,  TraiW  de  i'^vquc,  ii.  Oil.  •  AitnaUt  df  Chimin,  tL  »k 


GALVANISM.  U 

KttheendaorthetwowirMiDtheinteiv  became  intentelv  iniitetV  and  some  pla. 
rupted  circuit,  uid  bringing  tbair  point!  tina  wire  att&cned  to  it  melted  with 
into  contact.  When  the  eiperimeDt  bright  scintilla) ions,  and  fell  down  ia 
vias  tried  with  the  powerful  batterer  of  lai^e  dobulea.*  A  battery  of  a  hundred 
the  Royal  Inititulion,  already  noticed  pair  of  plates  of  aix  inches  square  will 
(j  IG.),  a  bright  spark  paised  between  luffice  to  exhibit  these  phenomena  on  a 
tlie  two  points  of  charcoal,  when  thev  imidler  scale.  Charcoal,  carefully  pre- 
came  wiltiin  the  distance  of  the  thirtietn  pared  from  some  of  the  harder  wood*, 
or  fortieth  oC  an  inch ;  and  immediately  such  as  beech,  lignum  vitce,  or  box 
aflerwards  more  than  half  of  each  pen-  wood,  answers  best  for  these  experi- 
cil  of  cliarooal,  the  length  of  which  was  menls.  The  arched  form  of  the  stream 
one  inch,  and  the  diameter  one-sizlh  of  of  light  passing  between  the  two  char- 
nn  inch,  became  ignited  to  whiteness,  coal  points  is  perceptible  even  when  tha 
Uy  witlidrawing  the  points  from  each  points  are  witliin  half  an  inch  of  each 
olhpT,  a  constant  discnarge  took  pkce    other. 

Uiroiigh  the  heated  air,  in  a  space  at  .'The  light  obtained  by  voltaic  elec- 
leust  equal  to  four  inches,  forming  an  tncity  in  the  manner  now  described 
arch  of  light  in  the  form  of  a  double  exceeds  in  intensity  any  other  that  art 
cone,  of  considerable  breadth,  and  of  can  produce.  It  often  exhibits  in  auc- 
the  mostdazilingbrilliancy.  Thisphe-  ceision  a  variety  of  the  prismatic  co- 
nomenon  is  represented  la  flg,  16 ;  in  loufs  i  and  supplies  some  of  the  rayi 
which  are  defieient  in  the  aolar  beams. 
Fig.  IS.  It  is  BO  daziling  aa  to  fatigue  the  eye 
even  by  a  momentary  impression  ;  and 
it  effaces,  by  its  superior  lustre,  the 
light  of  lamps  in  an  apartment  other- 
wise brilliantly  illuminated,  and  which, 
on  the  sudden  cessation  of  the  galvanio 
light,  appears  for  a  short  time  aa  if  left 
in  darkness.  It  is  a  light  which  so 
nearly  emulates  the  brightness  of  the 
which  W,  X,  are  the  conducting  wires  "un'"  >»y»,  as  to  be  applicable  for  the 
:ommunicating  with  the  ends  of  the  purpose  of  illuminating  objects  in  a 
battery;  C,  C,  the  pieces  of  charcoal,  aolar  microscope;  and  even  with  the 
and  A  the  luminous  arch  of  electrical  magic  lantern  it  has  been  found  capable 
iialit,  making  the  passnge  of  electricity  of  eihiltiting  on  a  large  scale,  as  was 
lhroii{;h  the  air.  When  any  substance  done  by  Mr.  W.  Allen  in  his  le<:turcs, 
wns  introduced  into  this  arch,  it  in-  all  the  pleasing  and  endless  variations 
slantly  became  ignited:  platina  melted  of  the  kaleidoscope. 
in  it,  H.S  wax  in  the  flame  of  a  candle :  (2B.)  The  employment  of  charcoal  in 
someofihe  more  refractory  substances,  these  experiments  might  lead  (o  a  siiS' 
as  quartz,  Ihc  sapphire,  magnesia,  and  picion  that  the  light  might,  in  part  at 
lime,  all  entered  into  fusion  :  figments  least,  arise  from  combustion ;  but  many 
of  diamonil,  and  points  of  chareoal  and  circnraslances  concur  to  prove  that  it  is 
of  phi m base  quickly  disappeared,  and  quite  independent  of  this  cause.  During 
seemed  converted  into  vapour,  even  the  continuance  of  the  light,  althouijh 
when  the  connection  was  made  in  highly  the  charcoal  be  in  a  state  of  ignition,  yet 
rarefied  air,  and  apparenllywithout  ha*-  it  suffers  but  little  loss  of  weight.  The 
ing  under;gone  previous  fusion.  When  light  is  evolved  with  equal  splendour 
the  pieces  of  charcoal  were  placed  in  when  the  experiment  is  made  in  gases 
(lie  receiver  of  an  air-pump,  in  proper-  that  contain  no  oxygen,  such  a.?  azote 
tion  as  the  air  was  abstracted,  the  dis-  or  chlorine,  and  in  which  therefore  com- 
tancc  at  which  the  discharge  took  place  bustion  could  not  be  maintained  r  and  it 
increased  r  and  when  the  height  of  the  is  moreover  found  that  during  tlie  igni- 
mcrcury  in  the  barometrical  gage  wa»  tion,  neither  the  gas  nor  the  charcoal 
only  one  quarter  of  an  inch,  the  sparks  has  undergone  any  chemical  changc.f 
were  nearly  half  an  inch  in  length  ;  and  Light  from  voltaic  electricity  may  also 
by  then  withdrawing  the  points  from  be  obtained,  though  with  diminished  in- 
each  other,  the  discharge  passed  through 

a  space  of  six  or  seven  inches,  pro-  *  DrnTT"!  Eitmnu  «/  Chemiai  WifoBpAjr,  p. 
ducing  a  most  briUiant  coruscation  of  '^cuid««.  «i(M<y*.W  H-m*«».  fcr.  lUT 
purple  light.  Ine  wbote  of  the  GBUDou    f,an    • 
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•ad  iQtjeeCad  to  the  aetkio  of  tSn  toI-  pKmtive  cup»  and  render  its  \Awt  inlb- 
taie  bettor.  If  the  liquid  contain  any  sion  red.  While  the  alka£  will  pan  into 
ednble  euine  ooinpound,  such  as  sul-  the  opposite  cup»  and  tinge  its  odueooa- 
pbate  of  soda,  or  common  Glauber's    tents  green. 

•alt,  and  the  operation  be  continued  a       (49.)   When  metallic  solutions  are 
sufficient  time,  the  whole  of  the  acid    subjected  to  the  decomposing  action  el 
contained  in  the  salt  will  be  found  col-    galvanism,  a  deposition  of  the  metal, 
leded  in  the  positive  cup,  and  the  whole    generally  in  the  form  of  minute  ciystds, 
<if  the  alkali  m  the  negative  cup.    Nor    takes  place  on  the  negative  wire,  and 
b  any  considerable  solubility  in  the  body    oxide  is  also  deposited  around  it ;  wl^ 
placed  in  the  circuit  necessary  for  its    the  acid  passes  over,  as  before,  into  the 
decomposition  by  galvanism.  iVo  cups    positive  cup.    This  effect  tiJces  plaoa 
made  of  compact  sulphate  of  lime,  con-    with  solutions  of  iron,  zinc,  and  tm,  as 
tainine  pure  water,  were  connected  to-    well  as  with  the  more  oxidable  metals, 
getherby  fibrous  sidphate  of  lime,  moist-      (50.)  When  a  solution  of  nitrate  of  silw 
ened  by  pure  water,  and  the  voltaic    has  been  placed  on  the  positive  side,  and 
current  transmitted  through  them.    Af-    distilled  water  on  the  negative,  the  whob 
ter  an  hour  the  fluids  were  accurately    of  the  connecting  asbestos  becomes  co* 
examined,  when  it  was  found  that  the    vered  with  a  thin  metallic  film  of  sflTCi; 
negative  cup  contained  a  pure  and  satu-    We  have  been  the  more  partimilar  in 
rated  solution  of  lime,  psirtially  covered    noticing  these  effects,  because^  as  wu 
with  a  calcareous  crust ;  wlme  the  po-    before  observed  (j  41.),  they  occur  to  a 
aitive  cup  was  filled  with  a  moderately    greater  or  less  extent  in  the  fluids  which 
strong  solution  of  sulphuric  acdd.    Sid-    occupy  the  cells  of  the  battery,  and  haie 
phate  of  strontites,  and  fluate  of  lime,    a  considerable  influence  in  modi^fiqg; 
subjected  to  the  same  process,  yidded    snd  ultimately  destroying  the  power  eC 
similar  results :    sulphate  of  baiytes,    the  instrument 
from  its    greater  insolubility,  proved       (51*)  Phenomena  of  a  stiQ  mors  ex- 
more  difficult  of  decomposition ;  but  the    traordinary  nature,  presented  themsdves 
difficulty  was  at  length  overcome.    The    to  Sir  H.  Dav^  in  tne  further  proseen* 
analysis  of  many  mineralogical  speci-    tion  of  these  inquiries.    It  was  disco* 
mens,  *of  which  the  composition  was    vered  that  the  elements  of  compound 
much  more  complicated,  was  greatly    bodies  were  actually  conveyed  by  the 
elucidated  by  the  application  of  voltaic    influence  of  the  electric  current  throufh 
electricity,  which  effected  the  extraction    solutions  of  substances,  on  which,  unto 
of  all  the  acid  and  alkaline  matters  they    other  circumstances,  they  would  have 
contained.  exerted  an  immediate  and  powerful  che- 

(48.)  For  the  production  of  these  mical  action,  without  any  such  effect 
effects  it  is  immaterial  in  what  part  of  being  produced.  Adds,  for  example; 
the  fluid  line  of  circuit  the  decomposable  niay  be  transmitted  from  one  cup,  con- 
body  happens  to  be  situated.  This  will  nected  with  the  negative  pole,  to  ano- 
appear  by  placing  three  cups,  side  by  ther  cup  on  the  opposite  or  positive 
side,  in  a  line  (y^.  19.),  and  connecting    side,  through  a  portion  of  fluid  in  an 

_..  intermediate  cup  tinged  with  any  of  the 

•''^S'  '  9«  vegetable  coloured  infusions,  which  are 

^-s.  /^->s,  instantiy  reddened  by  the  presence  of 

^^^^H       Min     ^  ^  ^^^'  "^^^^^^^  occasionmg  the  slight- 

^HW       wBHf      W|W  est  change  of  colour.    The  same  hap- 

^pr         ^^         y^w  pens  also  with  alkalies.    If  three  cups 

y              Y              Y  be  arranged  as  before,  (see^.  19.)  and 

JL          ^^^        ^^^  connected  with  each  other  in  a  series  by 

^^^       ^9^        41^^  moistened  cotton,  the  middle  cup,  and 

also  the  one  next  to  the  positive  side  o( 

them  togethei*  by  moistened  asbestos,  the  battery,  being  filled  with  blue  in- 

Let  a  solution  of  sulphate  of  potash,  or  fusion  of  cabbage,  or  of  litmus  ;  and  the 

any  other  neutral  salt,  be  put  into  the  cup  next  to  the  n^ive  side  cont^niiv 

middle  cup,  and  blue  infusion  of  cab-  a  solution  of  sulphate  of  soda ;  on  the 

Dy*t!ft^  ^"*o  ^^^  o^h^r  ^"P^-    When  these  series  being  placed  in  the  voltaic  ctreuit. 

tcrmec'?  ^^  placed  in  the  circuit  of  the  a  red  tinge  will  soon  be  perceived  is 

ensue.    ife^^^'T*  ^Y  immersing  the  wires  the  water  of  the  positive  cup,  which 

and  solution  c^  ^"^  ^^^  ^"Ps.  the  sul-  will  become  stron^y  add.    It  Is  en- 

frith  much  irrelF  ^^*  ^^  coUect  in  tiie  dent  Uiat  the  sulphuric  aeid  so  tnu«* 
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ferred  must  liave  passed  through  the  the  battery ;  and  those  which  are  giving 
fluid  in  the  middle  vessel,  but  without  exit  to  the  electricity,  act  as  positive 
affucting  the  coloured  solution  in  its  wires.  The  former  will  collect  around 
passage.  By  reversing  the  connections  them  the  several  bases  of  neutral  and  me- 
with  the  poles  of  the  battery,  a  similar  taUic  salts,  and  the  hydrogen  of  the  de- 
transfer  of  the  alkali  will  he  made ;  it  composed  water ;  the  latter  will  collect 
will  be  collected  in  the  tinged  water  of  oxygen,  and  the  compounds  in  which 
tlie  negative  cup,  which  it  will  render  oxygen  predominates,  such  as  the  acids, 
green;  but  the  mtermediate  portion  of  (54.)  The  decomposition  of  the  alka- 
fluid  will  not,  either  in  this  or  in  the  lies  and  of  the  earths,  which  crowned 
former  case,  exhibit  any  trace  of  the  this  brilliant  career  of  discovery,  is,  in 
substance  which  is  carried  through  it  by  point  of  theory,  only  a  particular  in- 
the  influence  of  electricity.  stance  of  the  genoru  fact  above  stated, 

(52.)   No  union,  under  similar  cir-  namely,  that  combustible  substances  are 

cumstances,  is  found  to  take  place,  be-  carried  to  the  negative  wire,  and  oxygen 

tween  acids  and  alkalies,  when  either  of  evolved  at  the  positive  wire.    Various 

these  active  chemical  principles  is  trans-  other  applications  have  been  made  of  the 

mitted  by  voltaic  elecbricity  through  the  voltaic  battery  to  the  purposes  of  che- 

other,  provided  the  compound  which  mical  decomposition.     Sulphuric  acid 

they  would  form  bv  their  union  remains  is  resolved  by  its  means  into  oxygen  ^;a8 

soluble;  for  should  the  compound  be  in-  and  sulphur.    Phosphoric  acid,  in  like 

soluble,  the  union  takes  place,  and  the  manner,  yields  oxygen  gas  and  phos- 

product,  on  fallin]^  to  the  bottom  of  the  phorus.    Ammonia  separates  into  hy* 

fluid  by  its  superior  gravity,  is  removed  drogen  and  azote,  with  a  small  proper-, 

from  the  line  ot  the  electric  action.  When,  tion  of  oxygen.    ()ils,  alcohol,  and  etner, 

for  example,  sulphuric  acid  is  attempted  when  acted  on  by  a  powerful  battexy, 

to  be  passed  through  a  solution  of  bary-  deposit  charcoal,  and  give  off  hydrogen* 

tes,  or  vice  versA,  barytes  through  a  solu-  or  carburetted  hydrogen.    But  it  would 

tion  of  sulphuric  acid,  sulphate  of  ba-  be  encroaching  too  far  on  the  province 

lytes  is  formed,  which  being  insoluble  in  of  chemistry  to  extend  our  illustrations 

the  fluid,  falls  down  as  a  precipitate,  of  this  subject  to  any  greater  length, 
and  l)eing  removed  from  the  action  of 

the  electric  current,  proceeds  no  further  }  6.  Phynological  dT^cis  of  Galvanum 
in  its  course.    If  some  basis  of  me- 

clianical  support  be  provided,  whereby  (55.)  The  action  of  voltaic,  as  well  as. 
this  removal  from  the  voltaic  influence  of  common  electricity,  on  a  living  ani- 
can  be  prevented,  the  transfer  may  some-  nial  is  chiefly  exerted  on  the  functions  of 
times  be  continued,  notwithstaning  the  the  nervous  system.  It  is  shown  in  the 
body  has  assumed  a  solid  form ;  thus  production  of  sensation,  in  the  excita- 
magnesia  or  lime  will  pass  along  moist  tion  of  muscular  contraction,  and  in  al- 
asbestos,  from  the  positive  to  the  nega-  tering  the  products  of  secretion, 
tive  sides ;  but  if  a  vessel  of  pure  water  (56.)  If  any  considerable  part  of  the 
be  interposed,  they  do  not  reach  the  human  body  form  part  of  the  cu-cuit  of 
negative  vessel,  but  sink  to  the  bottom,  a  voltaic  pile  or  battery,  a  separate 
In  like  manner  when  nitrate  of  silver  shock  is  experienced  every  time  a  con- 
was  on  the  positive  side,  and  distilled  nection  is  made  with  the  poles  of  the 
water  on  the  negative,  the  silver,  as  we  apparatus  ;  provided  the  skm  through 
have  already  seen,  passed  along  the  which  the  electric  current  is  to  pass  be 
transmittini?  fibres  of  the  asbestos,  so  as  sufficiently  moist  to  allow  of  its  being 
to  cover  it  with  a  thin  metallic  film.  fransmitted :  for  m  its  usual  dry  state 

(53.)  When  the  fluids  placed  in  the  the  cuticle,  or  outer  skm,  is  scarcely 

same  voltaic  circuit  are  connected,  not  pervious  to  electricity  of  such  low  mten- 

by  fluids,  but  by  pieces  of  metal,  such  sity  as  that  afforded  by  galvanism.  Tlie 

as  wires,  the  changes  above  described  most  effectual  method  of  receiving  the 

take  place  in  each  separate  portion  of  whole  force  of  the  battery  is  to  wet  both 

fluid,  each  alternate  metallic  surface  hands  with  water,  or  what  answers  still 
performing  the  functions  of  a  positive  better,  wit>^  '  lution  of  common  sdt, 
and  negative  polarity,  according  to  its  and  to  ^.p  a  silver  spoon  in  each ;  the 
place  in  the  circuit  of  the  electric  current,  circuit  is  then  to  Iks  completed  by  touch- 
Those  parts  into  which  the  electricity  is  ing  one  pole  of  the  batterv  with  ouft 
entering  possess  properties  corresponding  spoon,  and  the  o^yosW^  \«:»Vt  T  X  ^«^ 
to  those  of  the  liegabve  wim  or  poles  of    other  spoon-  AnoVUiit  mo;i^>&\o  ^\>x^^^ 
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a  ftnger  of  etdi  band  mto  two  separate  eyelid,  so  as  to  cover  pait  of  ttie  fflolie 

veuels  filled  with  water,  into  which  the  of  the  eye,  and  place  a  sQver  wpaSa  m 

extremities  of  the  two  wires  from  the  the  mouth,  which  must  then  be  made  to 

battery  have  been  immersed.  The  shock  communicate  with  the  tinfoil  by  a  wire 

recdved  from  the  Yoltaio  pile  is  similar  of  sufficient  length ;  or  converse^,  the 

to  that  resulting  from  a  large  electrical  tinfoil  may  be  maced  upon  the  tongue^ 

battery  vexy  weaklj^  charged :  and  its  and  the  roundea  end  of  a  silver  probe 

intensity  is  greater  in  proportion  to  the  applied  to  the  inner  comer  of  the  eye; 

number  of  series  of  elements  composing  and  the  contact  established  as  before, 

the  pile.    Twenty  pair  of  plates  are  ^e-  The  flash  which  results  from  the  aotbn 

nendly  sufficient  to  give  a  shock,  which  of  a  pile,  applied  in  this  way,  is  very 

is  sometimes  felt  in  the  arms :  with  a  powerful ;  and  if  the  plates  were  nume- 

hundr^  pair  it  extends  to  the  shcul-  rous,  the  ocperiment  might  occasion 

ders.  permanent  iyury  to  the  skht      Ilus 

(57.)  Independently  of  the  shock  felt  phenomenon  is  evidently  produced  by  an 

on  the  first  impression  of  voltaic  elec-  impression  communicatea  to  the  retina, 

tricity  communicated  from  the  battery,  or  optic  nerve,  and  is  analogous  to  the 

the   continued    flow   of    the   current  e£Pect  of  a  tlow  on  the  eye,  which  is 

through  the  bod)r,  as  long  as  it  forms  well  known  to  occasion  the  sensation  of 

part  of  the  circuit,  is  generally  accom-  a  bright  lupiinous  coruscation,  totally 

panied  by  a  continued  aching  pain.    If  independent  of  the  actual  presence  of 

it  jpass  through  any  extern^  part  do-  lifi^t.    In  like  manner  the  flaiAi  from 

pnved  of  cuticle,  it  produces  a  severe  galvanism  is  felt  whether  the  eyes  be 

Bowrting  or  burning  sensation,  wUch,  open  or  closed,  or  whether  fihe  ezperi- 

if  the  exposed  surface  be  large,  continues  ment  be  made  in  day-light  or  in  tha 

to  increase  tiU  it  is  scarcely  support-  dark,  If  the  pupil  of  the  eye  be  watched 

able.  This  painfid  Reeling  is  expenenced  by  another  porspn  when  this  effinrt  is 

if  the  slightest  cut,  bum,  or  excoriation  of  produced,  it  will  be  seen  to  contract  at 

any  kind,  happen  tc  be  in  the  path  of  the  moment  when  the  metals  are  brought 

ibie  electrical  current :  and  it  win  be  ex-  into  contact.    A  flash  is  also  peroeived 

cited  in  these  parts,  even  by  a  single  at  the  moment  the  metals  are  separated 

gair  of  plates,  forming  a  galvanic  com-  firom  each  other, 
ination.  It  has  been  remarked  by  (59.)  The  peculiar  taste  which  is  per- 
Volta  that  the  pain  is  of  a  sharper  kind  ceived  when  different  metals  are  applied 
on  those  sensible  parts  of  the  body,  in-  to  di^crent  parts  of  the  tongue,  and 
eluded  in  the  circuit,  which  are  on  the  made  to  touch  each  other,  has  alreaciy 
negative  side  of  the  pile ;  that  is,  where  been  npticed.  It  is  essential  to  tbe 
the  electricity  flows  out  from  the  body,  success  of  the  experiment,  that  the  sur- 
than  where  it  enters :  a  fact  which  has  face  of  the  tongue  should  be  moist ; 
also  been  noticed  with  regard  to  the  for  when  the  tongue  is  previously  wiped 
pungency  of  the  common  electrical  ver]^  dry,  the  effect  is  considerably  di- 
spark.*  minished,  and  it  is  not  at  all  perceptible, 
(58.)  The  impression  made  by  voltaic  if  the  surface  is  absolutely  dry.  The 
electricity  on  some  of  the  nerves  of  the  equality  of  the  metal  laid  upon  the  tongue 
face,  when  they  form  part  of  the  circuit,  influences  the  kind  of  taste  which  is 
is  accompanied  by  the  sensation  of  a  communics^ted ;  the  more  oxidable  metal 
vivid  flash  of  light.  The  simple  appli*  giving  rise  to  an  acid,  and  the  less  oxi« 
cation  of  a  piece  of  zinc  and  one  of  silver  dable  metal  to  an  austerp  or  alkidine 
to  the  tongue  or  lips,  frequently  gives  taste.  Similar  differences  have  been 
rise,  at  the  moment  of  the  contact  of  the  observed  by  Berzelius,  with  regard  to 
metals,  to  this  perception  of  a  luminous  ^be  sensations  excited  in  the  tongue  by 
flash :  but  the  most  certain  way  of  ob«  common  electricity,  directed  in  a  stream 
taining  this  result  is  to  press  a  piece  of  upon  that  organ,  from  a  pointed  con- 
silver  as  high  as  possible  between  the  ductor ;  the  taste  of  positive  electrici^ 
upper  lip  and  the  gums,  or  to  insert  a  being  acid,  and  that  of  neeative  electn- 
silver  probe  into  the  nostrils :  while,  at  city  caustic  and  alkaline.  This  circum- 
the  same  time,  a  piece  of  zinc  is  laid  stance  would  tend  to  prove  that  the 
upon  the  tongue ;  and  then  to  bring  the  taste  perceived  in  the  ^vanic  experi- 
two  metals  into  contact.  Another  mode  ^^^^  ^^  owing  to  the  actual  presence  of 
is  to  introduce  some  tinfoil  within  the  ^^ds  and  aBcalies,  derived  from   the 

*— -— .-  chemical   decomposition  of  the   salts 

nkhoUoa'n  Jounai,  ito.  iv,  ISO,  Contained  ill  the  saliva,  by  the  gatvanii 
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actioti ,  and  that  it  is  not  merelv  llie  effect 
of  a  direct  impression  of  tne  electric 
current  on  the  nerves  of  t))£  tongue. 

(60.)  When  tlie  current  of  voltaic 
electricity  in  made  to  pass  along  ^  nerve 
distributed  to  any  of  the  muscles  of 
voluntary  motjon,  these  muscles  are 
thrown  into  violent  contractions  of  a 
convulsive  kind.  It  was  an  obj>ervation 
of  this  kincl  that  led  the  way,  as  we  have 
already  seen,  to  t|ie  discovery  of  the  gal- 
vanic Hifluence.  The  muscles  of  a  frog 
are,  indeed,  peculiarly  sensible  to  this 
influence,  and  are  therefore  the  fittest 
for  the  exhibition  of  this  phenomenon, 
with  very  weak  galvanic  powers.  Tlie 
susceptil)iHty  of  some  of  the  animals 
belonging:  to  the  class  of  vermes,  is  also 
very  c^reat.  If  a  crown  piece  be  laid 
upon  a  plate  of  zinc  of  larger  size,  and 
a  living  leech  be  placed  upon  the  silver 
coin,  it  will  suffer  no  inconvenience  as 
long  as  it  remains  in  contact  with  the  sil- 
ver only ;  but  the  moment  it  has  stretched 
out  its  head  so  as  to  touch  the  zinc,  it 
suddenly  recoils,  as  if  it  had  experienced 
a  painful  shock.  An  earthworm  will 
also  exhibit  tlie  same  kind  of  sensitive- 
ness ;  and  the  same  effect  is  still  more 
strikingly  exhibited  by  the  nais,  which 
is  an  aipiatic  worm.  Humboldt  found 
that  the  lenitea,  or  water-serpent,  and 
even  the  tatnia,  ascaris,  and  other  spe- 
cies of  intestinal  worms,  had  their  move- 
ments accelerated  by  the  influence  of 
galvanism,  which  also  speedily  de- 
stroyed their  life.  Powerful  shocks  from 
a  voltaic  battery  are  no  less  immediately 
fatal  to  animals,  than  discharges  from 
an  ordmary  electric  battery.*  Small 
animals  are  easily  killed  by  discharges 
which  would  only  produce  a  temporary 
stunning  effect  on  larger  animals. 

(61.)  Convulsive  movements  may  be 
excited  by  galvanism  in  the  muscles  of 
an  animal,  after  its  death,  as  long  as 
they  retain  their  contractility.  These  ef- 
fects lecomc  exceedingly  striking,  when 
large  animals  are  made  the  subjects  of 
experiment,  and  when  powerful  batte- 
ries are  emj>lo}ed.  Thus  if  two  wires, 
connected  with  the  poles  of  a  battery  of 
a  lumdrcil  plates,  be  inserted  into  the 
ears  of  an  ox,  or  sheep,  when  the  head 
is  removed  from  the  body  of  the  animal 
recently  killed,  \ery  strong  actions  will 
be  excited  in  the  muscles  of  the  face 
every  time  the  circuit  is  completed. 
Tlie  convulsions  are  so  general,  as  often 
to  impress  the  spectator  \vi(h  a  belief 

•  Se«  Tr«atiM  oa  ISectricit^.    $  \9S, 


that  the  animal  h%a  been  restored  to  the 
power  of  sensation,  and  that  he  is  en- 
during the  most  cruel  sufferings.  The 
eyes  are  seen  to  open  and  shut  sponta- 
neously, thev  roll  in  the  sockets  as  if 
again  endued  with  vision ;  the  pupils  are 
at  the  same  time  widely  dilated.  The 
nostrils  vibrate  as  in  the  act  of  smell- 
ing ;  and  the  movements  of  mastication 
are  imitated  by  the  jaws.  The  strug- 
gles of  the  limbs  of  a  horse  galvanised, 
soon  af^er  it  lias  been  killed,  are  so 
powerful  as  to  require  the  strength  of 
several  persons  to  restrain  them. 

(62.)  It  is  needless  to  enter  into  the 
details  of  experiments  of  a  similar  kind 
performed  in  hospitals  on  limbs  re- 
moved by  amputation  ;  or  on  the  bodies 
of  criminals  soon  after  their  execution.  A 
great  number  of  these  are  stated  to  have 
been  made  at  Turin,  on  the  victims  of 
the  guillotine ;  and  in  this  country,  Al- 
dini,  by  operating  with  a  considerable 
number  of  plates  on  the  body  of  a  cri- 
minal executed  at  Newgate,  produced 
effects  very  similar  to  those  already  de- 
scribed in  the  sheep  and  ox  ;  but  which 
were  necessarily  of  a  more  impressive 
character,  from  their  conveying  the 
more  terrific  expressions  of  humari  pas- 
sion and  of  human  agony. 

(63.)  Muscles  whose  actions,  like 
those  of  the  heart,  are  not  under  the 
guidance  of  the  will,  are  less  easily  af- 
fected by  galvanism  than  the  muscles  of 
voluntary  motion.  But  Fowler,  Vassali, 
Humboldt,  Nysten,  and  others,  have 
sufficiently  proved  that  even  these  mus- 
cles may,  by  the  proper  apphcation  of 
this  power,  be  made  to  contract. 

(64.)  The  most  curious  and  hitherto 
unexplained  of  the  physiological  effects 
of  galvanism,  are  those  on  the  functions 
of  secretion,  especially  on  that  of  the 
gastric  juice,  a  fluid  which  is  essentially 
subservient  to  the  process  of  dige.stion. 
But  these  topics  appertain  more  to  phy 
sioloffy  than  to  the  subject  of  tlie  pre 
sent  treatise. 


Chapter  V. 

Theory  of  Galvanism 

(65.)  The  various  attempts  which  have 
at  different  times  been  made  to  explain 
the  phenomena  of  galvanism,  by  the 
application  of  the  laws  which  arc  known 
to  govern  those  of  ordinary  electricvV^j^ 
have  on  the  Y»Vvo\ft  Vicfexv  aXV«xv\^^  ^^^ 
very  uid\{E^«u\.»>aucfti^«S  ^sAVwi'C^^isst^ 
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of  Uus  fldenoe  remains*  even  at  the  pie«  fluid  from  the  liiie,  and  iti  trantlerenae 
lent  day,  mvolved  in  considerable  an-  to  the  liqmd  jHroduct  of  the  combina- 
certainty  and  obscurity.    No  very  dis-  tion:  but,  when  translated  into  the  laa- 
tinct  or  satisfactory  accoont  has  yet  ffuase  of  the  hypothesis  of  a  double 
been  given  of  the  nature  of  that  force,  luia,  must  be  understood  as  the  sepan- 
whieh  originally  distorbs  the  dectrical  tion  of  the  two  electricities  bjr  the  che- 
oondition  of  the  diffb«nt  parts  of  the  mical  action,  and  the  determination  of 
voltaic  apparatus,  imd  constitutes  the  the  resinous  or  negative  electricity  in 
primary  source  of  ^vanic  power.    It  the  direction  of  the  zinc  and  of  the 
was  long  the  prevailmg  hypothesis,  that  vitreous  or  positive  electricity  in  the 
tins  force  was  the  same  with  that  which  direction  of  the  oxidating  liquid.    In 
gives  rise  to  the  developement  of  elec-  order  fo  avoid  perplexity,  however,  we 
nisity  durine  the  contact  of  dissimilar  shall  continue  to  aohere  to  the  simpler 
metals ;   a  fact,  the  prindpal  drcum-  of  these  hypotheses ;  and  advert  only  to 
stances    attending   which   have   been  the  conditions  and  movements  of  posi- 
stated  in  the   treatise    on  Electricity,  tive  electricitv.  (M-^ 
($  203.)    But  in  proportion  as  a  more        (67.)    That  two  conducting  bodies^ 
extensive  acquaintance  with  the  pheno-  such  as  zinc  and  acid,  thus  remain,  the 
mena  afforded  the  means  of  a  more  ao-  one  in  a  negative,  and  the  other  in  a 
curate  analysis,  the  insufficiencv  of  tiiis,  positive  electrical  state,  notwithstanding 
which  was  termed  the  jS^/rtoaf7%A>fy,  their  being  in  contact,  is  known  to  as 
became  more  apparent ;  and  it  is  now  as  a  matter  of  fiict ;   but  it  is  a  fiiet 
fiiUy  establishea,Uiat  the  primary  agent  which  is  not  explicable  by  any  of  the 
in  me  evolution  of  electricity,  is  the  force  laws  of  ordinary  electrical  ^hfeoanaui, 
of  chemical  attraction.    This  latter  view  or,  in  other  woras,  it  is  not  reducible  to 
of  the  sulject,  has  led  to  what  may  be  any  other  more  general  fact*    We  mast 
called  the  Chemical  Theory  of  Qal'  for  the  present,  therefore,  be  content  to 
iNifMffm.  leave  it  as  a  subject  of  future  ia)iiiry» 
(66.)  Every  scientific   theory  must  to  determine  to  what  peculiarity  in  the 
have  for  its  basis  some  general  fact,  circumstances  attendinjg  the  changes  oi 
comprehending  a  multitude  of  subordi-  chemical  composition  it  is  owing,  that 
nate  phenomena,  which  are  its  more  or  the  electric  equilibrium  is  permanently 
less  direct  consequences.  The  chemical  disturbed,  and  what  is  the  unknown  ob- 
theory  of  galvanism  assumes  the  fol-  stacle  that  prevents  its  restoration.    A 
lowing  as  the  most  general  fact  in  that  similar  difficulty  occurring  in  the  case 
science :  namely,  that  chemical  action,  of  the  electricity  produced  by  contact, 
occurring  between  a  fluid  and  a  solid  has  been  noticed  in  the  treatise  on  Elec- 
body,  Is  always  accompanied  by  the  dis-  tricity.    ($  204.) 
turbance  of  electric  equilibrium ;  in  con-        (68.)  As  long  as  the  chemical  action 
sequence  of  which  a  certain  quantity  of  proceeds,  the  transfer  of  electricity  firom 
electricity    is    developed,  or,  in    other  the  metal  to  the  fluid  continues ;  but  the 
words,  converted  from  a  latent  into  an  rapidity  of  the  process  is  checked  by  the 
active  state.    So  intimate,  indeed,  is  the  circumstance,  that  as  soon  as  the  quan- 
connection  between  the  electrical  and  tity  transferred  has  accumulated  so  as 
the  chemical  changes,  that  the  chemical  to  reach  a  certain  degree  of  intensity, 
action  can  proceed  only  to  a  certain  ex-  which  is  generally  exceedingly  low,  all 
tent,  unless  the  electrical  equilibrium  action  ceases,  the  chemical  affinities  be- 
which  has  been  disturbed  be  again  re-  ing  balanced  by  an  opposing  electrical 
stored.    The  oxidation  of  metallic  bo-  force.    But  in  consequence  of  the  gra* 
dies  (that  is,  their  combination  with  dual  absorption  of  electricity   by  the 
oxygen)  is  more  especially  accompanied  metal  from  surrounding  l)odies,  and  the 
by  the  developement  of  large  quantities  gradual  dissipation  of  the  superabun- 
of  electricity.    ITius  it  has  been  ascer-  dant  electricity  of  the  fluid,  this  state  is 
tamed,  that  when  a  plate  of  zinc  is  never  reached ;  or,  if  attained,  does  not 
chemically  acted  upon  by  dilute  sul-  long  subsist :   and  the  chemical  affini- 
phuric  acid,  which  produces  first  oxide,  ties  continue  to  produce  their  effects, 
and  then  sulphate  of  zinc,  the  metal  though  more  slowly  than  if  their  opera- 
becomes  negatively  elechified,  while  the  tion  were  uncontrouled  by  the  electrical 
liquid  is  in  the  same  degree  positively  force.    But  if,  on  the  other  hand,  by  ' 
electrified.    This  fact,  when  stated  con-  the  interposition  of  good  conduetors,  a 
formably  to  the  hypothesis  of  Franklin,  ready  passage  be  afforded  for  the    * 
bapUe»  the  abstraction  ot  tbft  tinoMft  tnd^  from  the  fluid,  where  it  is 
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mulatecl.  to  Ihe  metal  where  it  is  defi-  as  long  as  the  chemical  action  continues, 
cient.  then  the  obstacle  to  the  further  If  the  bodies  Z,  A,  and  C.  be  respec- 
excrlion  of  the  chemical  affinities  be-  r..     ^^ 

tween  these  two  bodies  will  be  removed,  *  * 

and  the  action  will  now  proceed  with 
much  greater  ener^.    This  is  precisely 
what  is  accomplished  by  galvanic  com- 
binations.   Some  metal,  such  as  cop- 
per, silver,  gold,  or  platina,  not  suscep- 
tible of  oxidation  by  the  fluid  employed, 
is  applied  to  this  fluid,  collects  from  it 
the  redundant  electricity,  and  then  being 
brought  into  contact  with  the  zinc,  or 
metal  acted  upon  by  the  fluid,  commu- 
nicates to  it  this  electricity,  and  thus      ... 
continually  restores  the  electric   equi-    *^^^v  ™^y  acid,  and  copper,  the  surface 
librium,  the  very   instant   after  it  has    ^^  contact  between  Z  and  A  will  be  that 
been  disturbed.     We  find,  accordingly,    ^^  which  the  chemical  action  and  con* 
that  under  these  circumstances,  that  is,     sequent  developement  of  electricity  takes 
whenever  the  galvanic  circuit  is  com-    P^*^®  J  ^^^  ^  ™ay  he  considered  as  act- 
pleted,  the  oxidation  of  the  zinc  proceeds    ^"^  merely  the  part  of  a  conductor  of 
with  renewed  activity ;  but  ceases,  or  at    **^^*  electricity  between  A  and  Z  ;  and 
least  takes  place  more  slowly,  whenever    *^®  current  will  circulate  in  the  direc- 
this  circuit  is  interrupted.  *ion  denoted  in  the  figure  by  the  arrows, 

(69.)  In  order  to  take  a  more  com-    ^**  *^'  ^^^^  A  to  C,  and  thence  to  Z. 
prehensive  view  of  the  subject,  we  may       .^J^'^  T^®  absolute  quantity  of  elec- 
state  the  following  as  the  conditions  that    *"city  which  is  thus  developed,  and  made 
are  essential  to  galvanic  action.     First,    ^^  circulate,  will  depend  upon  a  variety 
the  presence   of  three  elements  is  re-    ^^  circumstances,  such  as  the  extent  of 
quired,  which  we  shall  designate  by  the    *^®  surfaces  in  chemical  action,  the  faci- 
letters  A,  Z,  and  C.     Between  the  two    ^^^'^^  afforded  to  its  transmission,  &c., 
first  of  these,  A  and  Z,  some  chemical    —causes  the  operation  of  which  we  shall 
affinity  must  exist,  adequate  to  produce    ^^^^rwards  have  occasion  to  examine, 
combination  and  developement  of  elec-     ^^^  ^^  degree  of  intensity,  or  tension 
tricity ;    while  the  same  action,  or  at    ^  **  ^^  ®^*^"  termed,  will  be  regulated  by 
least  the  same  degree  of  that  action,  is    ^^^^^  causes,  and  more  especially  by  the 
not  exerted  between  the  third  element  C,    «P«^^  o^  the  chemical   action.     In  a 
and  either  of  the  former.    Secondly,  it    single  ealvanic  circle,  however,  it  is  ne- 
is  necessary  that  one  of  the  two  first    cessanly  very  low,  being  hmited  by  the 
bodies,  which  we  shall  suppose  to  be  Z,     P**"*"?  p^  the  process  to  which  it  owes 
be  a  solid,*  and  that  it  possess  a  high    ^^^  origin,  and  to  which  it  is  in  some  re- 
degree  of  conducting  power  with  regard    ^P^c*s  opposed.     It  may  be  much  in- 
to electricity.    As  it  is  a  general  law  in    c»*6ased,  however,  by  combining  toge- 
chemistry  that  no  chemical  action  can    ^H*"  *^®  power  of  a  number  of  circles, 
take  place  between  two  bodies,  unless    2?  ^^.  ^^"^  *"  *^®  P*^®  ^^^  voltaic  battery, 
one  of  these  bodies  be  in  a  fluid  state,  it    taking  the  common  trough  battery  as 
follows  that  as  Z  is  a  solid,  so  A  must    ^^  example,  and  tracing  the  several  steps 
be  a  fluid  body ;  on  the  other  hand,  the    ^^  *^®  process,  we  shall  find  that  the 
body  C  may  be  either  solid  or  fluid,    electricity  which  the  liqiiid  in  the  first 
Thirdly,  it  is  requisite  that  all  the  three    ^?^^  ^^^  acquired  from  the  first  plate  of 
bodies  be  in  mutual  contact,  so  as  to  com-    ^^"^  exposed  to  its  action,  is  taken  up 
pose  a  kind  of  circular  arrangement,  as    ^y  **^^  copper  plate  belonging  to  the 
IS  represented  in  Jig  20.     If  all  these    ^peond  pair,  and  transferred  to  the  second 
conditions  be  fulfilled,  it  is  found  that  a    ^*"P  P^^^^»  ^^'^^**  which  it  is  connected, 
continued  stream  or  current  of  electri-    "^^'^  second  plate  of  zinc,  having  thus 
city  will  circulate  in  a  determinate  di-    acquired  a  larger  portion  of  electricity 
rection  through  the  bodies  thus  placed     ^^*"  **?   natural  share,   is  capable  of 

_'    supporting  a  more  intense  chemical  ac- 

•Sir  H.  Dary  has  shown  [that  cheoiical  action  ^io"  *han  it  would  Otherwise  have  donc; 
l!^Z^r^:^'%V:\T,^^^'T,^VS^^  and  hence  it  communicates  a  largw 
pqmhhrianu    PhUotophicfU  TnouactioM  f^miL     Q"*"*i*y  of  electncity  to  Ihft  fLMvi  \tv."<^<^ 

p.  zn,  400.  second  ccU.    T\tt»  vcicc^acsk^  ^^wio^JiSa^ 
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anin  trimmitted  to  the  neit  panr  of  can  never  be  eidtad  wfaen  ihs  IMm 

p&tes,  and  renders  the  third  nnc  plate  condition  is  wanting.    Thus  lilTer  aoa 

mable  of  maintaining  a  sfill  more  pow-  ^Id  evolve  no  galvanic  inflnenoe  when 

crnil  chemical  action  than  the  preceding  m  contact  with  pure  water,  which  ia  in* 

plate ;  and  thus  everv  succeeding  alter-  capable  of  acting  chemically  nwm  eitlMr 

nation  is  productive  01  a  further  increase,  of  these  metals;  but  the  aoditioii  of 

both  in  the  quantity  and  intensity  of  the  nitric  acid,  or  any  other  fluid  deoom* 

electricity  developed.  posable  by  silver,  to  the  water,  imme* 

(71.)  The  simplest  cases  are  those  in  diately  renders  this  combination  of  «U- 

which  no  chemical  action  whatever  is  ments  an  active  galvanic  circle, 

exerted  either  between  the  fluid  A  and  (73.)  With  regard  to  the  directioQ 

the  body  C,  or  between  C  and  Z ;  and  given  to  the  electrical  current  by  tho 

the  force  of  the  electric  current  wUl  then  chemical  action  of  two  bodies,  we  xdmj 

be  proportionad  simplv  to  the  energy  of  lay  it  down  as  a  guieral  rule,  to  which 

the  chemical  action  taking  place  between  there  are  but  few  exceptions,  that  the 

A  and  Z.    But  either  A  and  C,  or  C  electricity  is  d^enmned  from  the  solid 

and  Z,  may  also  have  some  chemicd  to  the  fluid  which  acts  upon  it  chemi- 

action  on  one  another ;  and  it  will  de-  cally.    This  we  have  already  seen  ex« 

pend  on  the  nature  of  that  action  whe«  empUfied  in  the  instance  so  frequently 

ther  the  electric  force  to  which  it  gives  refeired  to  of  the  ternary  arrangetnent  of 

rise  opposes  or  concurs  with  the  force  iIdo,  acid,  and  copper.    Another,  and 

resulting  from  the  action  between  A  and  very  common  mode  of  expressing  the 

Z.    If  Uie  two  actions  be  of  the  same  same  fact  is,  to  say  that  the  sine  is  reo' 

kind,  as,  for  example,  if  they  shouM  dered  positive  with  regard  to  the  oopperi 

both  be  oxidating  actions,  the  electric  and,  vtcswrsd,  the  copper  negative  with 

ibrcesresultingfrom  them  willbein  op-  reference  to  Uie  lina    In  this  sense 

position  to  each  other ;  for  while  the  one  that  is  with  relation  to  the  action  of  acida 

is  impelling  the  current  from  Z  to  A,  the  and  other  oxidatu^  fliuds,  every  oxi- 

others  will  tend  to  impel  it  from  C  to  A,  dable  metal  is  positive  with  regard  to  a 

or  from  Z  to  C,  that  is,  in  a  contrary  metal  which  is  oxidable  in  a  miduprseb 

direction.    The  efiPective  electromotive  In  order  to  determine  beforehand  the 

force  will,  in  all  these  cases,  be  equal  to  effect  of  any  combination  of  two  metals 

the  difference  between  the  two  that  are  in  a  galvanic  circle  with  any  of  the  ackls, 

thus  opposed  to  each  other.    On  the  it  will  be  convement,  therefor^  to  ar- 

other  hand,  if  the  chemical  actions  be-  range  the  metals  in  the  order  of  their 

tween  A  and  C,  or  between  Z  and  C,  oxidability.    With  this  view  the  follow- 

should  happen  to  be  of  an  opposite  kind,  ing  catalogue  has  been  given  by  8ir 

with  regard  to  their  electrical  tendencies,  Humphry  Davy :  ♦  vix. 

to  that  between  Z  and  A,  thev  will  com-  Potassium  and  its  amalgams, 

municate  to  the  developed  electricity  an  Barium  and  its  amalgams* 

impulse  in  the  same  direction,  and  the  Amalgam  of  line, 

resulting  electromotive  force  will  be  equal  Zinc, 

to  the  sum  of  the  conspiring  forces.  Cadmium. 

(72.)  We  have  seen  that  the  third  e^e-  Tin. 

ment  C  may  be  either  a  solid  or  a  fluid  Iron, 

body,  and  we  may  therefore  distinguish  Bismuth, 

galvanic  circles  into  two  kinds,  according  Antimony  (?). 

as  C  has  the  one  or  the  other  of  these  Lead, 

two  forms.    In  the  first,  the  circle  is  Copper, 

conriposed  of  two  solids  and  one  fluid;  Silver. 

in  the  second,  of  one  solid  and  two  fluids.  Palladium. 

Of  the  solid  elements  capable  of  forming  Tellurium, 

galvanic  combinations,  the  most  effica-  Grold. 

cious  are  the  metals,  and  charcoal.    Of  Charcoal, 

fl^d  elements,  those  which  exert  a  pow-  Platina. 

erful  chemical  action  upon  the  former.  Iridium, 

such  as  the  mineral  acids,  alkaline  solu-  Rhodiumu 

tions,  Bidphurets,  solutions  of  neutral  (74.)  In  a  temarv  galvanic  arrange- 

salts.  and  water  contammg  oxygen  gas.  ment  with  acids,  then,  each  metal  in  Ae 

or  atmospheric  au-.    The  energy  of  the  above  list  is  positive  to  all  those  whieb 

galvanic  power  will  depend  altogether 1. _ 

upon  that  of  the  chemical  acUon,  and  •  Ph^h$o,hieaiTnMiaetio^ikiW^w^4iak 
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follow  it ;  and  the  more  so  in  proportion  Gold. 

as  the  two  metals  are  more  distant  from  Charcoal, 

each  other  in  the  scale.  Thus  sine  and  We  mai^  observe,  that  here  also  cop* 
iron  will  compose  a  weaker  circle  than  per  is  positive  with  regard  to  iron ;  so 
zinc  and  silver ;  and  zinc  and  platina  that  when  these  two  metals  form  a  eirclo 
will  form  one  of  still  greater  power.  It  with  a  solution  of  hydro-sulphuret,  the 
may  be  observed,  however,  that  the  pre-  electrical  current  is  in  an  opposite  di- 
cise  order  in  which  the  metals  stand  in  rection  to  what  it  is  when  the  same 
such  a  scale  as  the  above,  must  be  un-  combination  of  metals  is  plunged  in 
derstood  as  only  strictly  true  with  rela-    acids. 

tion  to  the  particular  acid  employed,  and  {77.)  It  need  hardly  be  observed,  that 
even  to  the  particular  degree  of  dilution  every  thing  that  has  been  stated  with 
that  has  been  given  to  the  acid.  For  regard  to  single  galvanic  circles  applies 
we  find  slight  variations  in  the  order  of  also  to  compound  circles,  whether  in 
relation  of  the  metals  with  different  acids,  the  form  of  the  pile,  or  the  trough  bat- 
or  even  with  the  same  acid  in  different  tery,  composed  of  the  same  elementary 
states  of  concentration.  parts. 

(75.)  When  alkaline  solutions  are  em-  (78.)  We  have  next  to  consider  the 
ployed  as  the  fluid  agent,  instead  of  second  class  of  galvanic  circles ;  those; 
acids,  the  same  general  order  is  observed  namely,  which  are  composed  of  a  sin^^e 
in  the  metals,  with  regard  to  their  mutual  solid  and  two  fluid  elements, 
electrical  relations.  The  principal  ex-  The  arrangement  assumed  in  this 
ception  is  with  regard  to  iron,  which  case  by  the  three  elements  of  the  circle, 
is  here  found  to  occupy  a  place  interme-  may  be  represented  by  the  same  dia- 
diate  l)etween  copper  and  silver.  Thus  gram  as  before, /f.  2U.  Z  will  then  de- 
a  combination  of  iron  and  copper  will,  note  the  solid;  A  the  acting  fluid,  and 
by  immersion  in  an  acid,  form  a  circle  C  the  conducting  fluid.  As  there  is  a 
in  which  the  electricity  will  be  determined  necessity  for  separating  the  two  fluids^ 
from  the  iron  to  the  acid,  thence  to  the  they  may  be  contained  in  separate  ves- 
copper,  and  thence  to  the  iron ;  that  is  sels,  and  be  made  to  communicate  by 
to  siiy,  the  iron  will  be  positive  with  re-  means  of  a  bent  tube,  inverted  like  a 
gard  to  the  copper.  But  if  the  same  syphon,  full  of  some  conducting  liquid, 
combination  of  iron  and  copper  be  acted  and  passing  over  from  the  one  to  the 
upon  by  an  alkaline  solution,*  and  more  other  of  the  two  fluids.  Sir  H.  Davy 
especially  by  ammonia,  the  iron  isnega-  uses,  in  many  of  his  experiments,  fibres 
tive  with  regard  to  the  copper;  for  here  of  moistened  asbestos  in  place  of  the 
the  chemical  action  of  the  fluid  upon  the  tube,  for  establishing  a  communication 
copper  is  stronger  than  upon  the  iron,  between  the  fluids.  Two  plates  of  the 
and  flie  electricity  is  therefore  determined  same  metal  are  then  to  l)e  immersed  in 
to  the  fluid  from  the  copper,  and  not  the  fluids,  and  made  to  communicate  by 
from  the  iron  as  in  the  former  case,  wires,  or  slips  of  the  same  metal 
The  same  results  are  obtained  when  tin  (79.)  Sir  H.  Davy  has  distinguished 
is  employed  in  conjunction  with  copper,  three  different  kinds  of  circles  of  the 
and  with  ammonia.f  second  class.* 

(76.)  With  solutions  of  hydro-sulphu-  The  first  and  most  feeble  is  composed 
rets,  the  several  metals  stand  also  nearly  of  single  metallic  plates,  arranged  in 
in  the  same  order,  as  to  their  electrical  such  a  manner,  that  two  of  their  sur- 
relations,  as  with  acids— with  a  few  ex-  faces  are  in  contact  with  different  fluids, 
ceptions,  however,  as  will  appear  from  one  capable,  and  the  other  incapable, 
the  following  catalogue,  given  by  Sir  of  oxidating  the  metal.  Zinc,  acid,  and 
H,  Davy :—  water,  occupying  the  situations  of  Z,  A, 

Zinc  and  C,  in  the  diagram,  mav  be  taken  as 

Tin.  an  example ;  and  it  will  be  seen  that 

Copper.  the  only  difference  between  this    ar- 

Iron.  rangement   and  those    of   the  former 

Bismuth.  dass,  consists  in  the  substitution  in  tho 

Silver.  circle  of  water  for  copper ;  but  the  func- 

Platina.  tion  of  each  of  these  parts  is  esscnliAlly 

Palladium.  the  same,  namely,  that  of  simply  con- 

ducting  electricity  between  the  other 


•  Dary.  hlementt  of  Chemicai  PkUcsupAg.  p.  148. ,     .^.       7^ 

t  I>e  U  IUt«,  Jmitaet  ic  Chimin,  jxxtu,  aOI.  •  Phihtopkical  Transachont  for  1801,  p.  oW. 
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two  dements.  As  the  eoodnding  power  the  pewter  pot  is  ezpoied  to  Hw  aoliiMi 

ef  fluids,  however,  is  much  infmor  to  of  ttie  saliva  which  mmstens  the  1^ 

that  of  metals,  the  idectrical  indications  while  the  other  side  of  the  metal  is' 

win  be  more  feeble  than  in  circles  of  touched  by  the  porter;  the  circle  being 

the  first  class ;  and»  indeed,  will  scarcely  completed  when  the  latter  fluid  oomee 

be  sensible  unless  we  employ  the  more  in  contact  with  the  ton^e. 

flMily  oxidiJ^le  metals,  such  as  tin  and  (81.)  The  second  kind  of  galrud^ 

sfaie.    But  powerful  effects  may  be  ob-  combinations  with  a  single  metal,  con- 

tahied  by  combining  a  number  of  such  sbts  of  a  series  of  plates  composed  of  a 

inrcles  in  a  pile  or  battery.     For  con-  metal  capable  of  being  acted  upon  b? 

structing  an   instrument  of  the   for-  sulphuretted  hydrogen,  in  contact  wim 

mer  kind.  Sir  H.  Davy  directs  pieces  of  solutions  of  hydrosulphurets  on  the  one 

polish^  tin,  about  an  inch  scjuare  and  side,  and  water  on  the  other,  placed  in 

one-twentieth  of  an  inch  thick,  to  be  a  regular  order  of  alternation.    Under 

l^ed   up  with  woollen  cloths  of  the  these  drcumstanoes,  a  current  of  elec- 

same  size,  moistened  some  in  water,  tridty   is    produced,  the   ^rection  of 

and  some  in  dilute  nitric  acid,  in  the  which  is  the  reverse  of  what  it  is  in  the 

following^  order,-^n,  acid,  water,  and  so  former  case,  the  surface  of  the  metallic 

on.    It  IS  proper  to  observe  the  pre-  plate  in  contact  with  the  solution  of  sul- 

cantion  of  placing  the  cloth  moistenal  phur  being  positive,  while  that  in  con- 

with  acid  underneath  the  one  whidi  is  tact  with  acid  is  ne^ive.    Eight  series 

moutened  witti  water ;  for,  as  the  acid  wUl  produce  sensible  effects.    Copper, 

is  specifically  heavier  than  the  water,  silver,  and  lead  are  each  capable  of 

little  or  no  mixture  of  fluid  will  then  forming  this  combination ;  their  com* 

ti^e  place.    Twenty  such  alternations  parative  activity  being  in  the  order  in 

will  produce  a  battery  capable  of  acting  which  they  are  here  enumerated,  that 

weakly  on  the  organs  oi  sense,  and  of  is,  copper  the  most,  and  lead  the  least^ 

•lowly  decomposing  water.    When  zinc  (82.)  A  familiar  instance  of  the  qpe- 

18  the  metal  used,  it  is  necessary,  on  ration  of  galvanism  in  promoting  the 

account  of  its  rapid  oxidation  in  water  combination    of   sulphur  with  sdver, 

containing  atmospheric  air,  to  use  thjree  occurs  in  the  employment  of  a  sflver 

cloths ;  the  first  moistened  with  a  weak  spoon  in  eating  the  yolk  of  an  e^ ;  a 

solution  of  hydro-sulphuret  of  potash,  galvanic  circle  of  the  second  kind  hemg 

which  has  no  power  of  acting  upon  formed  bv  the  yolk,   which    contains 

zinc,  and  which  prevents  it  from  bein^  sulphur,  tne  silver  spoon,  and  the  saliva 

acted  upon  bv  the  water ;  the  second  of  the  tonj^ue. 

moisten^  with  a  solution  of  sulphate  (83.)  The  third  kind  of  combinations 
of  potash,  of  greater  specific  eravity  unite  the  power  of  the  two  former,  and 
than  the  solution  of  hydro- sulpnuret ;  consist  of^a  single  metal,  acted  upon  on 
and  the  third  wetted  with  an  oxidating  one  side  by  an  acid,  and  on  the  other 
fluid,  such  as  an  acid,  specifically  hea-  side  by  the  hydro- sulphurete.     Copper, 
vier  than  either  of  the  solutions.    In  silver,  or  lead  may  here  be  employ^ 
this  case,  if,  proceeding  upwards,  the  and  the  order  of  their  powers  is  the 
order  be  as  follows  —  zinc,  —  oxidat-  same  as  in  the  preceding  instance.   The 
ing  solution, — solution  of  sulphate  of  pile  may  be  constructed  in  the  same 
potash, — solution  of  hydro-sulphuret  of  manner  as  the  pUe  with  zinc  in  the  first 
potash,  very  Uttle  mixture  of  the  fluids,  kind  of  combination  ;  the  cloths  moist- 
or  chemical  action  between  them  will  encd  with  acid  being  separated  from 
take  place ;  and  an  alternation  of  twelve  those  moistened  with  solution  of  hydro- 
series  of  this  kind,  forms  a  battery  ca-  sulphuret    by    an    intermediate    cloth 
pable  of  producing  sensible  ealvanic  soaked  in  solution  of  sulphate  of  pot- 
effects.    The  direction  of  the  electrical  ash.    Three  plates  of  copper,  or  silver, 
current  is,  as  usual,  from  the  zinc  to  arranged   in  this   manner,  in  proper 
the  oxidating  fluid.  order,  produce  sensible  effecta  ;  aiuf  a 
(80.)  It  has  oflen  been  remarked  that  pile  composed  of  twelve   or   thirteen 
porter  drank  out  of  a  pewter  pot  has  a  series  is  capable  of  giving  weak  shocks 
bnsker  taste  than  when  taken  out  of  a  and  of  rapidly  decomposing  water.   The 
glass.    Professor  Robison  ascribed  this  current  of  electricity  u  determined  as  in 
to  the  influence  of  galvanism,  arising  the  two  former  cases, 
from  the  circle  formed  by  the  metal  and  (84.)   Greater  permanency  may  be 

two   different  fluids.     He  considered     . ! 

lh*t  in  the  act  of  drinking,  one  sideof  •  PkUoiofk,catTmmfii^kfmu9.m$. 
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j^ven  to  the  eflMs  of  ttieie  combina-  often,  if  the  interval  of  time  was  oonsi- 

tions  of  a  single  metal  with  two  fluids,  derable,  a  violent  electrical  effect;  the 

by  a  disposition  of  the  plates  similar  to  piece  of  metal  first  plun|red  in  beingne- 

the  trough  of  Cruickshanks,  with  par-  ^tive  with  relation  to  the  other.    This 

titions  alternately  of  metal  and  of  horn  is  owing  to  the  rapid  formation  at  the 

or  glass ;  and  with  the  cells  filled  al-  surface  of  contact  of  sulphuret  of  cop- 

temately  with  the  different  solutions,  per,  which,  by  its  presence,  prevents,  or 

according  to  the  kind  of  combination  at  least  diminishes,  the  further  action  of 

employed ;  these  fiuids  being  connected  the  fiuid ;  the  clean  surface  of  the  plate 

in  pau^  with  each  other,  by  slips  of  last  introduced   is   therefore   attacked 

moistened  cloth,  carried  over  the  non-  comparatively  with  greater  force,  and 

conducting  plates.  determines  a  galvanic  effect.*    Many 

(85.)  Efficient  jjralvanic  circles  may  singular    and    apparently    capricious 

also  be  formed  with  a  single  metal  and  changes  of  electric  states  occur  m  these 

with  the  same  fluid  solvent,  (an  add,  and  other  experiments  of  the  same  kind, 

for  exami)le,)  provided  the  action  of  whenever  new  substances  are  produced 

the  latter  is  different  on  the  two  sides  by  the  chemical  action,  which  at  first 

of  the  metal,  by  beii^  of  different  de-  adhere  to  the  metal,  but  are  liable  to 

grees  of  strength.    Inus,  if  one  of  the  be  detached  in  smaller  or  larger  por- 

branches  of  a  tube,  bent  in  the  form  of  tions,  and  thus  occasion  sudden  altera- 

a  V,   contain  concentrated    sulphuric  tions  in  the  conditions  of  the  galvanic 

acid,  while  the  same  acid  in  a  ailuted  elements. 

state  occupies  the  other  branch,  in  which  (87.)  Having  thus  seen  how,  under 
case  the  two  fluids  will,  on  account  certain  circumstances,  it  is  possible  to 
of  the  difference  in  their  specific  gra-  form  various  galvanic  combinations 
vities,  remain  without  mixing  with  each  with  a  single  metal  and  a  single  fluid,  it 
other ;  and  two  portions  of  the  same  remains  for  us  to  notice  the  attempts 
metal,  zinc  for  instance,  be  then  im-  tliat  have  been  made  to  produce  the 
mersed  in  these  fluids,  and  made  to  same  effect  without  the  aid  of  any  me- 
communicate  with  each  other,  galvanic  tdlic  substance,  or  even  of  charcoaL 
electricity  wiU  be  evolved,  and  deter-  Lamve  announced  that  by  placing  upon 
mined  from  the  metal  to  tiie  diluted  ea^  other  alternate  layers  of  muscle 
acid,  in  consequence  of  the  action  of  and  of  brain,  firom  a  human  bodv,  with 
this  portion  of  acid  upon  the  zinc  being  piece«  of  moistened  cloth  or  leather  in- 
greater  than  that  of  the  concentrated  tetposed,  he  formed  a  pile  which  pro- 
acid.  But  with  those  metals,  which  are  duced  galvanic  effects.t  Dr.  Baconio, 
more  acted  upon  by  the  latter  than  by  of  Milan,  composed  a  galvanic  pile  en- 
the  former,  the  influence  of  the  concen*  tirely  of  vegetable  subnances :  namel]r» 
trated  acid  will  preponderate,  and  the  discs  of  tA  beet-root,  two  inches  m 
current  will  be  determined  in  an  op-  diameter ;  and  discs  of  walnut-tree,  of 
posite  direction.  In  like  manner  it  has  the  same  size,  divested  of  their  resin  by 
Deen  observed,  that  two  solutions  of  digestion  in  a  solution  of  cream  of  tar- 
common  salt,  the  one  concentrated,  the  tar  in  vinegar.  With  a  pile  so  con- 
other  diluted,  form  a  gadvanic  circle  structed,  and  with  a  leaf^  of  scurvy- 
with  copper ;  that  metal  being  more  grass  as  a  conductor,  he  is  sud  to  have 
acted  upon  by  the  latter  than  oy  the  excited  galvanic  convulsions  in  a  firog.{ 
former,  became  negative  to  the  one  Aldini  also  succeeded  in  producing  the 
and  positive  to  the  other.*  same  effect  without  the  intervention  of 

(86.)  The  application  of  these  princi-  any  metallic  substance;  sometimes  by 
pies  will  explain  a  variety  of  apparently  bringing  into  contact  the  nerve  of  one 
anomalous  facts,  which  are  continually  animed  with  the  muscle  of  another,  and 
presenting  themselves  in  the  course  of  at  other  times  bv  employing  the  nerves 
experimental  researches.  Sir  H.  Davy  and  muscles  of  the  same  animal.  In 
observed,  for  instance,  that  when  two  some  of  his  experiments  the  most  pow- 
pieces  of  the  same  polished  copper  were  erful  contractions  were  excited,  by 
mtroduced  at  the  same  moment  into  the  bringing  the  parts  of  a  warm-blooded 
same  solution  of  hydro-sulphuret  of  pot-  animal  into  contact  with  those  of  a  cold- 
ash,  there  was,  as  might  be  expectecf,  no  blooded  animal.    On  introducing,   for 

action;  but  if  they  were  introduced  in n .-.p^— 

succession,  there  was  a  distinct,  and  *  PAi^)«o»Afca/ TVoMocffoM  for.lsss,  p.  asft. 
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ettmple,  into  one  of  the  em  of  an  <nt     t  oaseertain  the  Jiufaieee  oryolia*i 
reoently  k31cd  a  finger  of  one  hand,     parison,  paned  the  ehockt  giTon  bf 


with  a  solution  of  salt,  and  uvini;^  torpedos  throagh  the  intinruptiB 

holding  in  the  other  hand  a  prepared  drcuit  made  hy  mirer  wire  through 

af  when  the  spine  of  the  n-og  was  water,  but  oouldnotperoeiTethat.it  pro* 
\e  to  touoh  tne  tongue  of  the  ox,  duced  the  riighot  deoomposition  of  that 
eonTuliiions  took  place  in  the  limb  of  the  fluid.    The  same  shocks  made  to  past 
frog.    In  like  manner,  when  he  held  a  through  a  fine  sflrer  wire  less  than  one 
prroared  frog  hj  one  hand,  moistened  thousandth  of  an  indi  in  diameter  did 
witn  solution  of  salt,  and  applied  the  not  produce  ignition.    Volta,  to  whom 
erural  nerves  of  the  animal  to  the  tip  Sir  H.  Davy  communicated  the  resultt 
of  his  own  tongue,  convulsions  were  of  these   experiments,   considered  the 
produced.*    Many  of  these  experiments  oonditions  or  the  oivans  of  the  torpedo 
were  made  in  presence  of  the  members  to  be  best  represented  by  a  pile,  of  which 
of  a  commission  of  inquiiy  M>pointed  by  the  flvud  suMtanee  is  a  very  imperfect 
the   French  Institute :  and  they  have  conductor,  ineh  as  bonev ;  and  iRrhiob, 
ainoe  been  repeated  with  success   in  though  it  communieatea  weak  shocki^ 
London,  at  the  Anatomical  Theatre  In  yet  md  not  decompose  water.    Sir  HL 
Great  VVlndmill  Street.  Davy  also  ascertained  that  the  eleetrioil 
(88.)  It*  is  well  known  that  several  shoeks  riven  bf  the  toipedo,  even  when 
flahest  such  as  the  torpedo,  which  is  a  poworftu,  produced  no  sennble  effect  on 
■pecies  of  ra^ ;  the  gymnotut  eleetricut^  an  extremay  delicate  magnetid  eleetro« 
or  the  dectrio  eel;  the  nlurua  eleetri-  meter.    In  a  paper  reoently  read  at  the 
em,  a  species  peculiar  to  some  of  the  Royal  Society,  he  explains  these  nc^ 
men  in  Africa ;  and  also  the  McAtunie  tive  results  by  supposnig  that  the  motKNi 
liuft'eM,  and  ietraodon  eieehricM,  whicn  of  the  eleetricity  in  the  arpok  ii/i  the  tor- 
are  fishes  fbund  in  the  Indian  ocean  pedo  is  in  no  measurable  tune,  and  wanta 
possess  the  power  of  ghring  electrical  that  continuity  of  current  reqnlnte  fbr 
shocks  to  anunais  that  touoh  them,  or  the  production  of  magnetleeffeeta. 
oommumcate  with  them  by  electrical  (90.)  Mr.  Gkofflroy  St.  Hilaire  haf 
conductors.     Anatomical  investigation  found  an  organic  structure  very  similar 
has  shown  that  this  power  resides  in  to  that  of  the  torpedo  in  other  animals 
organs  of  a  very  peculiar  construction,  of  the  ray  genus,  which,  nevertheless,  60 
In  the  torjiedo  they  are  composed  of  a  not  possess  any  electrical  powers, 
great  multitude  of  vertical  and  parallel  (91.)   Electrical  eWeda  are  obtained 
membranous  plates,  arranged  in  longi-  from  a  pile  composed  of  thin  idates  of 
tudinal  columns  of  quadrangular,  pen-  different  metals  in  the  usual  oraer,  with 
tagonal,  or  hexagonal  forms,  with  a  loose  discs  of  writing  paper  interposed  between 
net-work  of  tendinous  fibres   passing  them.    This  species  of  pue  was  the  in- 
transversely  and  obliquely  between  the  CO-  vention  of  Mr.  De  Luc,  who  gave  it  the 
lumns,  and  uniting  them  firmly  together,  name  of  the  electrical  column.    It  may 
Each  column  is,  moreover,  divided  by  a  be  constructed  of  pieces  of  paper,  silver- 
great  number  of  thin  horizontal  parti-  ed  on  one  side,  by  means  of  silver  leai; 
tions,  placed  over  each  other  at  very  small  and  alternated  with  thin  leaves  of  sme: 
distances,  and  forming  numerous   in-  taking  care  that  the  siWered  surfiices  of 
terstices,  which  appear   to  contain  a  the  paper  discs  are  al\vays  in  the  same 
fluid.    All  these  parts  are  supplied  by  a  direction.  A  very  large  number  of  these 
peat  abundance  of  blood-vessels,  and  may  be  contained  in  a  glass  tulje  of  mo- 
bv  a  still  more  extraordinary  proportion  derate  length,  previously   well    dried, 
JI^^'^^t'    .  having  its  ends  coverecl  with  sealing* 
(89.)  In  the  regular  arrangement  of  wax,  and  capped  with  brass.   The  most 
their  plates  these  oi^gans  have  a  marked  extensive  instrument  of  this  kind  wai 
resemblance  to  a  voltaic  battery;  we  made  by  Mr.  Singer,  and  consisted  of 
know  nothing,  however,  of  the  imme-  twenty  thousand  series.    Each  of  the 
diate  source   from  which   they  derive  two  ends  or  poles  of  the  column  aflbet 
electrical   properties.    Mr.  Cavendish  the  electrometer,  and  exhibit  electrical 
compared  the  action  of  the  torpedo  to  attractions  and  repulsions ;  the  appara- 
that  of  a  lar^  electncaljar  very  weakly  tus  will  even  give  sparks,  and  commu- 
Charged :  and  \  olta  considered  it  as  still  nicate  shocks  of  considerable  force :  but 
more  analogous  to  that  of  the  galvanic  it  possesses  no  sensible  power  of  chemi- 
pue.    Mr  Humphry  Davy,  with  a  view  cal  decompositi<m  when  appUed  to  flnida 
•  Nichol«;ii'iJa«riia^Ui.»e.  """"^  \a  Vftft  Vsk^KRU^^    Circuit*      If  two 
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upright  electrical  columns  be  placed  side  which  its  quantity,  intensity,  and  mode 
by  side,  with  their  poles  in  opposite  di-  of  action  are  regulated.  We  have  al- 
rections,  and  connected  at  their  upper  ready  seen  that  the  intensity  of  the 
ends,  while  a  small  bell  is  attached  to  electricity  developed  by  a  sinele^ralvanic 
the  lower  end  of  each ;  the  whole  will  circle,  bears  no  relation  to  the  extent  of 
act  as  one  column,  and  each  bell  will,  surface  of  the  elements  which  comjwse 
in  consequence  of  the  electrical  actions,  that  circle.  It  follows,  therefore,  that 
be  alternately  struck  by  a  brass  ball  however  much  we  may  increase  the 
suspended  between  them ;  and  thus  a  quantity  of  electricity  by  employing:  very 
continual  ringing  will  be  produced  as  large  plates,  as  in  the  calorimotor,  we 
long  as  the  machine  remains  in  action,  cannot  obtain  from  such  an  instrument 
>yhich  is  generally  for  a  considerable  any  of  those  effects  which  require  for 
time.  Tliis  action  is,  however,  kept  up  their  production  a  certain  intensity,  as 
solely  by  the  presence  of  moisture  in  the  well  as  (luantity  of  electricity.  In  order 
paper,  for  it  does  not  take  place  at  all  to  obtain  these  latter  effects,  we  must 
when  the  paper  is  perfectly  dry ;  and  employ  the  compound  battery,  consist* 
although  the  process  of  oxidation  is  very  ing  of  a  considerable  number  of  alter- 
slow,  the  more  oxidable  metal  is  in  pro-  nations  of  the  same  elements.  The 
cess  of  time  found  to  be  tarnished.  former  of  these  instruments,  accord- 
(92.)  An  appratus  somewhat  analo-  ingly,  will  be  capable  of  producing  such 
gous  to  that  of  De  Luc  was  constructed  effects  as  depend  upon  mere  quantity, 
bj^  Ilacliette  and  Dcsormes  with  pairs  without  regard  to  intensity ;  such  as 
of  metallic  plates,  sipaiiited  by  layers  of  the  evolution  of  heat,  the  ignition  and 
farinjiceous  paste,  mixed  with  common  deflagration  of  the  metals,  and  electro- 
salt.  To  this  instrument,  although  it  magnetic  phenomena.  The  compound 
evidently  owed  its  efficacy  to  the  mois-  apparatus,  on  the  other  hand,  will  afford 
ture  of  the  paste,  they  jjave  the  very  in-  the  more  ordinary  electric  appearances, 
appropriate  name  of  dri/  pile.  It  has  (such  as  the  sparK,  and  the  phenomena 
the  same  properties  as  the  electric  of  attraction  and  repulsion,)  will  affect 
column,  except  that  it  is  unable  to  give  the  electrometer,  or  condenser,  and  will 


paper,  gilt  or  silvered  on  one  of  their  and  the  power  of  the  battery  to  produce 

sides,  while  the  other  side  was  covered  them  is    found  io  be    augmented   by 

wilhalayer  of  pulverized  black  oxide  of  every  increase   in  the  number  of  the 

manganese,  mixed  with  honey.     Both  alternations.     But  there  is  also  a  third 

this  and  the  former  instrument  retained  class  of  eifects,  more  peculiarly  apper- 

their  power  for  a  great  length  of  time.  taining  to  galvanism,  which  take  place 

(93.)  Piles  formed  simply  of  discs  of  by  the  transmission  of  the  electric  cur- 
copper  and  moistened  card,  placed  al-  rent  through  bodies  of  inferior  conduct- 
temately,  were  found  by  Ritter  to  have  ing  power  ;  such  as  liquids  of  various 
no  power  of  developing  electricity  by  kincls,  and  living  organized  structures, 
their  own  action,  but  to  be  capable  of  both  animal  and  vegetable :  producing 
receiving  a  charge  by  being  placed  in  the  in  the  former  chemical  decomposition, 
circuit  of  a  powerful  voltaic  batteiy,  and  in  the  latter  various  physiological 
and  of  thus  acquiring,  though  in  an  eifects,  such  ai  nervous  excitation, 
inferior  degree,  all  the  properties  of  the  muscular  contraction,  and  affections  of 
battery  itself  from  which  it  derived  its  secretion.  For  the  production  of  these 
activity.  The  properties  of  these  se-  effects  it  is  necessary,  not  only  that  the 
coridari/  piles,  as  they  have  been  called,  electricity  be  sufficiently  powerful, 
arc  obviously  the  effect  of  a  series  of  both  in  respect  to  intensity  and  to 
electrical  inductions,  extending  from  end  quantity,  but  also  that  it  should  flow  in 
to  end ;  and  the  apparatus  is  found  to  a  continuous  current.  It  is  from  the 
retain  its  charge  for  a  very  considerable  difficulty  of  supplying  this  latter  re- 
time, provided  it  be  kept  insulated,  and  nuisite,  that  the  electricity  derived  from 
the  communications  l)etween  the  two  tne  common  electrical  machine,  is, 
poles  are  not  renewed  too  frequently.  under  ordinary  circumstances,  incapable 

(91.)  Having  thus  traced  the  various  of  decomposing  water  in  the  way  that 

ways  in  which  galvanic  power  may  l>e  is   so  readily  accomplished  by  voltaic 

excited,  we  have  next  to  examine  the  electricity.      It  is  from    ^^^cvi\«7j    ^V 

influence  of  different  circumstanceSi  by  intensity,  onUi^  o\!bRi  Yv^xvdL^  >iE\^\*  'v^  «t^ 
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unaUa  to  obtain  fhe  lamo  efHseti  from  may  have  a  turfiioe  of  eoppor  OMMMili 

the  calorimotor,  whieh  amply  fulfils  the  to  it,  ($  18.) ;  and  also  of  enretmy 

eonditions  of  quantity  aad  continuity,  each  coil  of  zinc  plate,  in  the  calon- 

Tbe  etectricity  whi6h  it  furnishes,  how-  motor,  by  a  coil  of  sheet  cornier,  ((  8.) 

ever  abimdant  in  quantity,  does   not  Mr.  Mananini  has  extended  this  fnriii- 

possess  sufficient  intensity  to  overcome  ciple  still  further,  and  has  found  thst 

&e  obstacle  presented  by  the  smallest  the  maximum  of  effect  takes  place  when 

tfaidmess  of  water,  or  other  liquid  of  the  surface  of  the  copper  is  no  kss 

low  conducting  power ;  and  b,  for  the  than  eight  times  greater  than  that  of  the 

■sme  reason,  mcapable  of  penetrating  zinc. 

through  the  skin,  or  traversing  through  (97.)  There  is  yet  another  cause  of 
any  other  part  of  an   animal  bo^.  impediment  to  the  motion  of  the  decbne 
Hence  we  can  obtain  from  it  neither  current  of  a  siQgular  kind,  and  whidi 
chemical  nor  phjrsiological  effects.    The  produces  veiy  considerable  efibcf.    It 
electricity   furnished    by    the  electric  appears  from  the  experiments  of  Mr. 
column  of  De  Luc,  again,  though  of  Aug;ustusDe  laBiYe,that  voUaic  ele^ 
■uffident  intensity  to  produce  the  shock  tricity,  in  passing  out  of  one  conductiiy 
and  other  effects  of  a  sudden  influx,  is  body  into  anotMr  of  a  different  IdnC 
too  deficient   in  quantity  to  produce  always  sustains  some  loss  of  its  intensity.^ 
diemical  action ;  and  the  same  general  The  amount  of  this  loss  varies  much  in 
observations  apply  to  the  electricity  of  different  cases,  according  to  the  nature 
the  torpedo.  of  the  two  conductors ;  and  it  is  differ- 
^  (95.)  Every  circumstance  that  faci-  eaai  with  different  degrees  of  intensity* 
liti^  the  passage  of  the  electric  current  In  the  case  of  the  passage  of  the  eieo- 
in  all  parts  of  the  circuit,  will  tend  to  tricitv  from  a  fluid  to  a  metal,  or  vki 
increase  the  quantity  that  circulates,  versa,  it  is  very  great,  and  it  is  ieniibl|l 
The  decree  of  conductmg  power  pos*  even  when  it  has  to  pass  from  one  li- 
8»ued  by  the  fluid  parts  of  the  circle,  Quid  to  another,  or  along  a  mixed  eon- 
will,  therefore,  have  an  important  in-  auctor  composed  of  two  difRerent  kinds 
fliience  on  the  power  of  the  apparatus,  of  soHds.    The  impediment  arising  from 
Hence  the  addition  of  various  saline  the  mere  change  of  conductor  is  quite 
bodies  to  the  fluid  is  found  to  increase  independent  of  the  peculiar  conducting 
the  efficacy  of  the  voltaic  battel^,  pro-  powers  of  the  one  or  the  other  of  the 
bablv,  in  part  at  least,  by  increasing  the  substances  Uurouzh  which  the  electri- 
conducting  power  of  the  fluid ;  but  as  city  passes.    Mr.  De  la  Rive  found,  for 
such  substances  ^nerally  also  promote  example,  that  a  much  ^;reater  obstacle 
chemical  action,  it  is  always  m  some  existed  to  the  transnussion  of  the  elec- 
degree  doubtful  what  part  of  the  effect  tricity  between  sulphuric  acid,  especially 
is  to  be  ascribed  to  the  one  or  the  when  concentrated,  and  platina,  than  b^ 
other  of  these  causes.  tween  nitric  acid  and  the  same  metal; 
(96.)  As  the   fluid  element  of  the  and  accordingly,  on  sending  the  ekctrie 
circle   is  the  part  havin&f  the  smallest  current  from  a  voltaic  batteiy  through  a 
conducting  power,  the  electric  current  number  of  portions  of  sulphuric  acid, 
will    be  retarded  by  having  to   pass  contained  in  separate  glasses,  and  con- 
through  any  considerable  extent  of  fluid,  nected  by  arcs  of  platina  wire,  it  proved 
With  a  view  to  augment  the  activity  of  to  be  a  much  worse  conductor  than  when 
the  battery,  it  is  an  object  to  bring  the  nitric  acid  was  employed  in  a  similar 
two  metallic  surfaces  of  Z  and  C  very  arrangement.  But  the  conducting  powers 
near  each  other,  so  that  the  distance  the  of  each  system  of  compound  conductors 
electricity  has  to  pass  from  the  one  to  were    immediatdy  rendered   equal  by 
the  other,  through  the  fluid,  shall  be  as  dipping  the  ends  of  the  platina  wires  in 
small  as  possible ;  and  for  the  same  rea-  nitric  acid,  before  immersing  them  in 
son  the  surface  of  C,  which  collects  the  the  sulphuric  acid.t 
electricity  from  the  fluid,  should  be  suf-  (98.)  In  general  the  more  readily  a 
ficiently  extensive  to  effect  this  purpose  metal  is  acted  upon  by  liquid  conductoo, 
complete  y.  We  hence  perceive  the  reason  the  less  is  the  dimmution  of  intcn^ 
of  the  advantage  derived  from  employ-  which  is  sustained  by  the  passage  A 
ing  m  the  common  trough  battery,  ac-  electric  currents  through  them.     Mr. 
cording  to  the  suggestion  of  Dr.  Wol-  De  la  Rive  states  it  to  be  a  general 

laston,  a  double  plate  of  copper  to  each ^ 

plate  of  line,  so  that  each  surface  of  the  TZ     ,   ^  /,*•  .  ^^  .i   •         ZTZT* 

mer  metal  acted  upon  by  the  fluid,  ^f^^'^P^^^^^^f^^^^^^ 
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liLW,  that,  independentlsr  of  the  efifects  of  gays,  consist  only  of  a  smaU  number  of 
chemical  action,  the  influence  of  the  plates,  the  electncitv  produced  by  it,  not 
obstacle  opposed  to  the  passage  of  dec-  having  undergone  the  above  process  of 
tricity  from  a  fluid  to  a  solid  conductor,  Hiratiwit  as  it  may  be  called,  only  one 
is  such,  that  when  two  metallic  surfaces,  part  of  it  will  be  capable  of  passing 
either  of  the  same  or  of  different  metals,  through  an  imperfect  conductor,  which 
are  immersed  in  a  fluid,  so  as  to  form  a  is  presented  to  it,  and  the  other  part  will 
galvanic  circle,  that  metal  which  trans-  be  arrested ;  but  if  a  good  conductor  be 
mits  the  electiicity  with  the  least  loss  of  presented,  the  whole  of  the  electricity 
intensity  is  positive  with  respect  to  the  nnds  a  ready  passage,  and  will  produce 
other  metal*  corresponding  effects.  Electricity  of  the 
(99.)  The  influence  of  this  retarding  former  kind  onlv  will  be  capable  of  pro- 
cause  varies  also  with  the  intensity]  of  ducing  chemical  decompositions,  and  of 
the  current  itself.  The  loss  of  electricity,  passing  through  organized  bodies ;  but, 
from  its  passage  through  a  number  of  m  the  Tatter  case,  it  will  be  adec^uate  to 
metallic  plates,  is  scarcely  sensible  when  the  production  of  all  the  calonfic  and 
the  current  is  very  energetic,  as,  for  in-  magnetic  effects.  These  modifications 
stance,  when  it  proceeds  from  a  battery  of  electricity  would,  if  this  theoiy  were 
composed  of  a  great  number  of  plates ;  established,  have  a  remarkable  analogy 
but  it  becomes  more  and  more  percepti-  with  those  of  light  and  of  heat,  under 
ble,  according  as  the  original  intensity  circumstances  somewhat  paralleL 
of  the  current  is  less  considerable.  It  (101.)  It  must  be  observed,  however, 
is  also  remarkable  that  the  current  is  that  one  source  of  the  diminution  of 
disposed  to  pass  more  readily  through  effect  consequent  on  the  multiplication 
imperfect  conductors,  which  present  a  of  surfaces,  exists  in  the  transfer  of  ele- 
great  degree  of  resistance,  when  it  has  ments  which  takes  place  in  the  fluid  from 
previously  been  made  to  traverse  a  great  galvanic  action.  This  transfer,  as  is  re- 
number of  metallic  plates.  This  was  marked  bv  Sir  H.  Davy,  in  as  far  as  it 
illustrated  in  two  comparative  experi-  has  actually  occasioned  the  deposit  of  a 
ments,  in  the  first  of  which  a  current,  positive  element  on  the  negative  surface, 
originally  of  high  intensity,  was  reduced,  and  vice  versd,  has  an  immediate  in- 
by  passing  through  a  considerable  num-  fluence  in  checking  the  further  progress 
ber  of  plates,  till  it  was  equal  in  intcn-  of  the  galvanic  action ;  and  arrests  it 
sity  to  one  originally  weaker,  that  had,  completely  when  it  has  proceeded  to  a 
in  the  second  experiment,  passed  through  certain  extent  Hence  the  powers  of 
a  smaller  number ;  of  the  two  currents,  batteries  are  found  to  diminish  by  the 
thus  apparently  rendered  equal  in  every  continuance  of  their  action,  and  ulti* 
respect,  it  was  nevertheless  found  that  mately  to  cease.  This  change  we  have 
the  one  which  had  previously  passed  already  noticed  in  treating  of  the  che- 
through  the  greater  number  of  plates,  mical  actions  of  the  simple  galvanic  cir- 
was  thereby  rendered  capable  of  passing  cle.    ($  41.) 

through  any  succeeding  plate  with  less        (102.)  It  is  obvious  that  the  several 

loss  of  intensity  than  the  other  current,  causes  of  retardation  now  stated  render 

The  phenomena,  he  states,  correspond  it  exceedingly  difficult  to  determine,  pre- 

to  those  which  would  take  place,  if  we  vious  to  actual  experiment,  the  relative 

could  imagine  that  there  were  two  dis-  powers  of  different  batteries,  composed 

tinct  kinds  of  dectric  current — ^thc  one  of  different  materials,  and  consisting  of 

capable    of    passing    indiscriminately  different  numbers  of  alternations  of  its 

through  all  sorts  of  conductors,  good  or  parts, 
bad;  the  other  capable  of  passingtnrough        (103.)  It  is  not  easy  to  understand 

good  conductors  alone.  The  passage  of  the  manner  in  which  the  chemical  ele- 
le  currents  through  successive  plates  ments  of  a  body  decomposed  by  gal- 
gradually  effect  the  separation  of  these  vanism,  are  carried  to  their  resrpective 
two  portions,  the  plates  arresting  the  stations  in  the  voltaic  circuit.  Thus  if 
one  which  cannot  pass  so  readily  through  the  influence  of  a  powerful  battery  be 
bad  conductors,  and  giving  free  passage  transmitted  through  water,  it  will  ope- 
to  the  other  portion.  rate  in  decomposing  that  fluid,  although 
(100.)  M.  Dela  Rive  has  applied  this  the  wires  which  form  the  communica- 
theory  to  the  explanation  of  the  different  tion  with  the  poles  be  at  a  consider- 
effects  resulting  from  the  increase  of  the  able  distance  from  eacn  other.  They 
number  of  the  plates.    If  the  pile,  he  may  even  be  placed  in  se^asral^N^iA^A^ 

^JnnaU.4.(mmUet4.I^,if^M>K^m.'  provided  the  pOt\^iaa  ^ ^^^ -^^^^rXk 


(W  tcnnintto  «*  PWdt  to  BBmrnintr  h»n  wp«ll«4  to  Ionic  so  inespllcaliie, 

nte  vith  one  •notber  by  nMn  Of  ft  upontlie  cgmnundy  n-ceivfed  doctrim|i( 

qplua  full  of  natar,  or  av«n  by  Bo^tp  t|w compoiUion  of  v.al(ir.  Ihat  Ihey  li  — 

ned  Uread*.    Wo  flnd,  wpdw  tbau  biincounetotpewhypolhei' 

drcuipittncaa,  tho  vHitM  at  Uie  OKyoen  tq  lolye  tho  diffioulty.    Fror^s 

of  th«  decompwed  i*al«r  tr<4*'enw  to  WM  lad  tq  coiuidfr  water  as  _  .-»_ 

IIm  poiiiive,  while  tha  hyilnnen  ia  co}-  aubataDce,  fonniaf  pzygpn  by  iU  eoflk 

ImIm  at  Iba  nmtive  wire.    Two  quest  binalion  with  wwtiva  f)wmjnty,  «il 

timi  may  hei«  m  aaked :  first,  in  wb«t  hrdrogen  tijr  Ua  nniqa  wilb   iwntnf    I 

part  Qi  Ifaa  oirpuit  dun  tha  deooDipoii>  electncity ;  apd  ttiia  tbiory  wm  piu^im    I 

VoR  lalw  pla<M  ?  secondlv,  in  what  moda  by  several  otber  pbilosodiss.    Hopgl    ' 

•n  the  aufunU  of  the  decompoaed  par-  aodeavound  ^  aedount  fix-  the  plHq»-    , 

tidaa  Iraiufened  tu  auch  ilictant  pomla,  tqena,  by  vWft^W  '^V*  'fttar  ron|ia4 

without  uiy  indication  being  afforded  of  oimipoiiqja  witl(  evBeis  of  oaygvii    oa 

their  moreveiila,  which  must  ba  neaed-  tbeoHbUMLorasaaasaf  t^Fffrogen  04 

iqgly  rq)>4i  >»  order  to  trav^M  Ihrou^  tbeottaqr;  ww^Mmpounda  pawd  ia 

•p  wpg  a  naoB?  The  vdoeity  of  thif  o^»sita  dvaoliona  batwam  tiw  tw« 

bruafer  would  <f)pe«r  to  ba  \»rf  aotu^  iwea,  each  dapofitiiig  on  lh«ir  armrftl   j 

dovhla  from  ttia  fbUowiiw  axparimaiif  Uia  auperabwsmt  iognoient.  Or.  )nM> 

Btade  \m  Dr.  Rc^t,  in  tbe  year  1847.  tank  floncaivad  that  ^  water  waa  4*"   I 

The  eiuta  of  two  platina  wires,  comqiu'  compoaed  at  the  potitive   wire    ody. 

'-"'-'"[  with  the  pcriea  of  a  powerful  when  fea  arjgtfi  was  disanguadi  ana 

•%  introduced  into  two  tepaT  its  t^dnsan,  unjling  wi(l)  wctriai^,   ; 


battMy,  wera  ii 

la  of  a  Img  taibt,  biml  into  tjieSnn    the  naRaliTa   wire, 'wbcr^  ^bia  wioB 


rate  veaaele  of  water,  eon)BHinioatir«ty    waa  oarned  invisibly  along  with  it  t 
-_. — ._.!__  -^    t into tjia &m    """ "~"   "' "     -"--■-  "-'-       ' 


naana  of  a  Img  tuba,  hent  into  tba  form  the  naaaliTa  wire,   wbcra  tbia  oaioB 

of  a  >yph<Mi,  and  S)U4  with  k  solution  iKiiis  oiuolvad,  the  daetii^  paaaad 

of  common  aak.    Hie  whole  lei^th  of  on  tfiroush  the  arire,  md  tba  t^vogm 

the  fluid  part  of  the  circuit  batwaoi  tba  aj^sretf  in  its  gaseoua  form, 

two  wires  waa  4S  iniihes.    Uicrosc^M  (IH-)  Tbe   faDowipg  wMa  gt  ab 

were  applied  to  the  ends  of  tba  wimSf  plauinc  thaaa  jkMioiHam  «M   an^ 

for  the  purpose  of  enabling  the  obaerver  gasted  by  Dr.  BogBt,  in  »  pqW  vImI 

and  an  assistant,  (who  was  lh«  late  Ut,  was  read  to  the  Pliilnaophical  Bociely 

Sylvester.)  to  ascertain  the  precise  mo-  of  Manchester,  in  1807, 

ment  when  thegaitcsmade  theirsjipeajT'  "We   may  conceive  fha  uency  of 

ance  at  the  respeclive  wires.    No  sen-  electricity    to    ed«od   tttrougnout    Iba 

sible  interval  of  time  could  he  penseived  whole  of  tha  Auid  lin«  conneottng  tha 

between  the  appearaoce  of  the  oxygen  two  wires.    The   bydroKcn  existing   ia 

gas  at  the  positive,  and  of  the  hydrogen  every  particle  of  wain  m  ttua  line,  will, 

gas  lit  the  negative  wire,  when  the  com-  if  it  possess  a  positive  etectrical  polarity, 

munications  with  the  iMttery  were  made,  according  to   the    hypothesis    of    Ut. 

<I04.)  The  transfer  of  material  and  Davy,  be    r^idled  Iqr  the  pcaitive,  tod 

ponderable  substances,  such  as   those  attracted    by  tlie   negative    wire.    We 

which  constitute  tlie  elements  of  water,  may  consider  the  row  of  particles  of 

might  be  expected,  even  with  a  modsrale  hydrogen  abstractedly  from    thoae   of 

velocity,  to  occasion  visible  currents  in  oxygen.    Wliile  tlie  forrner  are  moving 

the  fluid  through  which  they  pass ;  tor  together,  l^  (he  agmcy  of  the  eladticity, 

tbeir  motion,  by  whatever  farce  pro-  in  a  direction  towards  tba  negativawiie, 

duced,  must  be  sccompiuued  by  a  certain  all  thuse  puticlea  which  have  not  fit 

momentum,   sufficient    to  displace  the  reached  that  wire,  will  m««ly  have  to 

particles  of  the  fluid  through  which  they  pass  over  in  succession  frumonepar- 

paas.    Dr.  Koget  could,  however,  detect  tide  of  oxygen  to  the  next,  among  ItMsc 

no  appearance  of  current  or  displace-  of  the  other  row.     They  will  not  appaw 

ment  of  fluid ;  such  as  would  be  indi-  in  the  form  of  gas.  because  the  UUtaM 

eated  by  movements  among  the  minute  each  has  quitted  the  particle  of  OZygM 

globules  of  dust,  or  otber  extraneous  with  which  it  was  associated,  it  dmU 

"Tu^'u   *"*1?*"*'«1  'n  'he  water,  even  with  another  to  combine  with  ;  and  thii 

wilb  Ihe  assistance  of  the  microscope,  process    will   be   continually  repaatel. 

Mr.Wilkinsonand  ProfessordelaRive,  until  it  has  anived  at   the  end  of  ths 

have  also  arrived  at  the  same  conclu-  line,  when,  findiiu  no  oxygen  to  UBila 

linn,  by  employing  micrascopea  of  high  itself  with,  it  wiU  maka.ita  appcanMa 

nagaifyiiu  power  in  the  form  of  cas.    In  like  tUDaw,  (fee 

(iOS.)  Ibeae  phawuwu  «f  tniufer  fint  particla  <a  hjitogv,  in  tfM  mnn, 
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by  its  abandoning  the  first  particle  of  Herschel,  and  he  has  made  them  the 
oxygen,  which  finds  no  other  particle  of  lubject  of  an  interesting  research,  of 
hydrogen  to  replace  it,  causes  tne  0)(ygen  which  an  account  is  contained  in  the 
to  appear  at  that  point  in  the  form  of  Philosophical  Transactions,* 
gas.  We  have  thus  the  two  gases  formed  (108.)  The  ibllowing  singular  fact 
fit  each  end,  not  from  the  same  indivi-  has  been  noticed  by  Mr.  Porrett : — If  a 
dual  particle  uf  water,  but  from  the  two  vessel  be  divided  by  a  membranous  par- 
which  happen  at  that  moment  to  be  in  tition  into  two  compartments,  of  which 
contact  with  the  wires.  The  production  the  one  is  filled  with  water,  and  the  other 
of  the  two  u:ases  will  take  place  at  tlie  contains  but  a  very  small  Quantity,  and  if 
same  instant  in  both  places,  each  par-  thepositive  wire  from  a  voltaic  battery  be 
tide  having  only  to  move  one  step,  that  inserted  into  the  former,  and  the  nega- 
is,  from  one  particle  to  the  adjoining  tive  wire  into  the  lattei*,  the  water  will 
one,  instead  of  having  to  traverse  the  le  impelled  from  the  first  compartment 
wliole  extent  of  the  line,  and  no  current  into  the  second,  through  the  paHition, 
will  be  perceptible  in  the  fluid.  If  this  and  will  at  length  rise  to  a  higher  level 
theory  bo  correct,  the  operation  of  gra-  in  the  latter  than  in  tlie  former.f  Mr, 
vily  in  favouring  the  descending  current  A.  De  la  Hive,  uj)on  repealing  these 
of  the  heavier  element,  namely  oxygen,  experiments,  arrived  at  the  same  result, 
might  1)6  rendered  sensible;  and  that  when  he  employed  distilled  or  river 
(his  is  actually  the  case  appears  by  an  water,  which  has  but  a  small  conduct- 
observation  of  Mr.  Sylvester,  that  when  ing  power ;  when,  however,  a  saline 
the  wire  giving  out  oxygen  is  placed  at  solution  of  sufficient  slrenfjth  was  usetj, 
a  much  lower  level  than  that  which  no  such  effect  of  impulsion  was  pcr- 
gives  out  hydrogen,  the  effect  is  sensibly  ceptible.  But  the  reality  of  such  an 
jjreiiler  than  when  the  positions  are  effect  under  the  above  circumstances,  is 
reversed."  su^cient  to  establish  the  existence  of 
(107  )  Similar  explanations  of  the  a  mechanical  fcrce  derived  from  the 
mode  of  transfer  have  been  given  by  current  of  voltaic  electricity. 
Dr.  Henry,  and  by  Grotthus ;  and  from  (103.)  We  have  already  nad  occasion 
the  following  passage  in  Sir  H.  Davy's  to  observe  that  a  theory,  founded  upon 
last  paper  on  the  subject,*  it  would  totally  different  views  of  the  sources  of 
seem  that  he  entertained  views  some-  galvanic  power  from  those  which  have 
what  similar.  "If  it  be  supposed  that  now  been  stated,  has  been  applied  to  the 
the  fluid  is  divided  into  two  zones,  di-  explanation  of  the  phenomena.  As  this, 
rectly  opposite  in  their  powers  to  the  which  has  been  termed  the  electric 
poles  of  the  battery,  the  virtual  change  theory  of  galvanism,  has  been  adopted 
may  be  reirarded  as  taking  place  in  the  by  several  eminent  philosophers,  it 
two  extremities  of  these  zones  nearest  ought  not  to  be  considered  as  undeserv- 
the  neutral  point ;  so  that  by  a  series  of  ing  of  notice  in  this  place, 
decomposihons  and  recompositions,  the  (110.)  It  was  conceived  by  Volta,  the 
alkaline  matters  and  hydrogen  separate  original  author  of  this  theory,  that  the 
at  one  side,  and  oxygen,  pure,  or  in  union,  pi  iniary  source  of  the  electricity  liberated 
at  the  other.  In  this  way  the  electricity  during  the  action  of  a  galvanic  appa- 
may  be  regarded  as  the  transporter  of  ratus,  niight  be  traced  to  the  contact  of 
the  ponderable  matters,  which  assume  the  dissimilar  metals.  He  assumed  as 
their  own  peculiar  characters  at  the  mo-  a  fundamental  fact,  that  during  the 
ment  when  they  arrive  at  the  point  of  whole  time  that  these  metals  are  in 
rest."  That  visible  motions  arc  sometimes  contact,  a  certain  force  is  in  constant 
protUiced  in  fluid  conductors  when  operation,  tending  to  effect  a  transfer  oi 
transmitting  the  electric  current,  has  electricity  from  the  one  metal  to  the 
been  shown  by  Sir  H.  Davy,  who  no-  other.  To  this  force  he  gave  the  name 
liced  the  very  singular  convulsive  agi-  cf  electromotive  force.  When,  for  ex- 
talions  into  which  mercury  is  tiirown,  ample,  zinc  and  copper  are  in  contact, 
when  placed  within  the  circuit  of  a  pow-  the  alleged  operation  of  this  force  is  to 
erful  voltaic  battery  discharged  through  impel  the  electricity  Srom  the  copper  to 
waler.f  These  motions,  which  are  fre-  the  zinc,  so  as  to  maintain  in  the  latter 
quently  of  a  violent  and  capricious  kind,  a  positive  state,  when  compared  with 
have  also  attracted  the  attention  of  Mr.  the  former,  which   will,   consequently 


•  PhVosojihical  Trnmsactions  for  1826,  p.  416,  iVJ  *  For  1824,  p.  163. 
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itself  be  in  a  negative  state  with  relation 
to  the  zinc.  If  either  of  these  states  be 
reduced  to  a  more  neutral  condition  by 
communication  with  other  bodies ;  that 
is,  if  the  redundant  electricity  of  the 
zinc  be  carried  off,  and  the  deficiency 
of  electricity  in  the  copper  be  supplied 
from  other  sources,  the  electromotive 
force  will,  he  conceived,  imniediately 
renew  this  difference  of  condition,  and 
thus  maintain  a  continual  and  rapid 
current  of  electric  fluid,  flowing  always 
in  the  same  direction. 

(111.)  It  was  further  assumed  m  this 
theory  that  liquids  have  no  electromo- 
tive power  when  in  contact  with  metals : 
and  that  this  negative  property  enabled 
them  to  transmit  the  electricitv  evolved 
by  the  contact  of  the  zinc  and  copper, 
and  which  is  accumulated  in  the  zmc, 
back  again  to  the  copper ;  whence  it  is 
again  transferred  to  the  zinc ;  and  so  on 
in  a  perpetual  circle.    In    compound 
galvanic  circles,  the  electromotive  force 
residing  in  the  surfaces  of  contact  be- 
tween the  two  metals  in  each  pair  of 
{dates,  are  all  tending  in  the  same  direc- 
tion ;    and  the  several  impulses  they 
give  to  the  electricity  conspire  together 
to  increase  the  effect,  which  will  there- 
fore be  the  sum  of  all  the  forces  taken 
separately.    Thus  will  a  continued  and 
powerful  stream  of  electricity  be  deter- 
mined from  the  negative  to  the  positive 
pole  of  the  battery,  ready  to  circulate 
flirough   any  conducting  line  of  com- 
munication extending  between  the  two 
poles.    The  office  of  the  fluid  is  consi- 
dered, in  this  theory,  as  simply  that  of 
conducting  the  electricity  from  the  one 
metal  to  the  other:  its  chemical  action 
on  either  of  these  being  regarded  as  a 
mere   accidental  circumstance,   not   in 
any  way  concerned  in  the  production  of 
galvanic  or  electrical  effects.  The  effec- 
tive quantity  of  electricity  which  actually 
circulates  in  the  voltaic  battery  is  sup- 
posed to  be  determined  altogetlier  by 
the  degree  of  conducting  power  possessed 
by  the  lic^uid  :  for  it  is  assumed  that 
the   quantity  which   the  electromotive 
force  existing  at  even  the  smallest  sur- 
face of  contact  between  dissimilar  me* 
tals  could  set  in  motion,  if  the  move- 
ments   of   tliat     electricity    were    not 
impeded  by  tlie  difficulty  of  its  trans- 
mission through  fluids,  would  be  incom- 
parably greater  than  that   which   any 
conducting  fluid  can  discharge. 

(112.)  Such  is  the  general  outline  of 
the  electric  theory,  which  it  is  scarcely 
necessary  to  pursue  in  ita  \ariou8  apijli- 


cationa,   because    there    are    severil 
facts  which  appear  so  totally  at  variance 
with  the  immediate  consequences  of  iti 
fundamental  hypothesis,  as  to  warrant 
us  in  rejecting  it.    Chemical  action  be- 
tween sonie  of  the  elements  of  a  galvanic 
combination  is  so  invariably  connected 
with  the  production  of  electrical  effects, 
that  it  would  be  a  violation  of  all  just 
rules  of  philosophy  not  to  consider  these 
two  classes  of  phenomena  as  standing 
to  each  other  m  the  relation  of  cause 
and  effect    The  quantity  of  galvanic 
effect  is  always  in  proportion   to  the 
energy  of  the  chemical  action.      The 
extent  of  contact  Y)etween  the  two  me- 
tals, on  the  other  hand,   appears  to 
have  no  relation  to  the  quantity  of  elec- 
tricity which  is  developed.    Coinbina- 
tlons  producing  galvanic  effects  may  be 
formed,  as  we  nave  seen,  with  a  single 
metal  only,  when  two  fluids  are  present; 
and  inde^,  on  other  occasions,  without 
the  presence  of  any  metallic  substance 
whatever.    We  have  also  seen  that  the 
same  metals  do  not  in  all  cases  stand  in 
the  same  invariable  electrical  relation 
to  each  other ;  but  that  this  relation  is 
determined  by  the  chemical  properties 
of  the  fluid  with  which  they  are  placed 
in  contact.  (§  75.)  All  these  facts  are 
irreconcilable  with  the  electric  theory. 

(113.)   Were  any  further  reasoning 
necessary  to  overthrow  if,   a   forcible 
artrnment  might   be    drawn  from  the 
following  consideration.     If  there  could 
exist    a    power    having    the    property 
ascribed    to     it    by    the     hypothesis, 
namely,  that  of  giving  continual    im- 
pulse to  a  fluid  in  one  constant  direction, 
without  bring  exhausted    liy  its   own 
notion,  it  would  diifer  essentially  from 
all  the  other  known  powers  in  nature. 
All  the  powers  and  sources  of  motion, 
witli  the   operation   of    which   we  are 
acquainted,  when  producing  their  pecu- 
liar effects,  arc  exi>ended  m  the  same 
])roportion  as  those  effects    are    pn)- 
duccd ;  and  hence  arises  the  impossi- 
bility of  obtaining  by  their  agem^y  • 
perpetual  eftect ;  or,  in  other  words  • 
perjjetual  motion.     But  the  electro- mo- 
tive force  ascribed  by  Volt  a  to  the  me- 
tals when  in  contact,  is  a  force  wliirfi 
as  long  as  a  free  course  is  allowed  to 
the  electricity  it  sets  in  motion,  is  never 
expended,  and  continues  to  be  exertel 
with  undiminished  power,  in  theprodu^^ 
tion  of  a  never-ceasing  effect.    Again^! 
the  truth  of  such  a  supposition,  the  pro-j 
babilities  are  all  but  infinite. 
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CiiApTBK  I.  two  oxides  of  that  mctiil,  together  with 

.^         ,  „    ^        ,  n  '     '  I  *  small  proportion  of  quartz  and  alu- 

(.meral  FacU  and  Pritictples.  ^ina.     Its  colour  varies  m  ditferent  spe- 

(I.)  The  attractive  power  of  the  load-  cimens.  according  to  minute  differences 

stone  for  iron  was  known  in  times  of  m  the  proportion  of  the  oxides,  and  the 

very  remote  antiquity,  and  has  been,  in  "*V*r*^  ^^    *"«  ^^^^^  substances   with 

all  ages,  a  subject  of  curiosity  and  of  which  they  may  be  found  united:  but  it 

wonder.    It  is  a  property  which  seems,  "  usually  of  a  dark  grey  hue,  and  has 

at  first  sight,  so  unconnected  with  every  »  ^^^^  metallic  lustre.     It  is  found  in 

other,  as  to  form  of  itself  a  separate  considerable  masses  in  the  iron  mines 

class  among  natural  phenomena:  and.  of  Sweden  and  Norway,  and  also    in 

although  an  immense  mass  of  knowledge  a»fferent  parts  of  Arabia,  China,  Siam, 

relating  to  Magnetism  has  been  accu-  *"^  ^^«  Philippine  Islands.   Small  load- 

mulated  by  the  labours  of  successive  *^o"«s  ^^"^^  occasionally  been  met  with 

generations,  and  emlH>died  into  a  science  among  the  iron  ores  of  England, 
of  high  rank  and  imiwrtance.  yet   the        (^)   I  here  are  several  modes  m  which 

field  it  comprises  is  of  comparatively  »?»*•*■«  of  iron  maybe  rendered  mag- 

limited   extent.    This   arises  from   tiie  nelic.  or  converted  mto  what  is  called 

great  simplicity  which  characterises  both  «^  arhjictal  magnet;  and  for  all  pur- 

the  phenomena  and  the  laws  that  govern  P^s^s  of  awurate  expenment   such  a 

them;  a  quality,  however,  which  pecu-  magnet  is  much  to  be  preferred  to  a 

liarly    invites   a    philosophic   mind   to  loadstone.     The  following  is  a  simple 

undertake  their  investigation.      A  stUl  ^"^  ready  method  of  obtaining  artificial 

more  powerful  motive  to  this  inquiry  mnen^ts  with  a  view  to  the  investigation 

will  present  itself  when  we  reflect  on  o']n«  magnetic  proiwrties. 
the  signal  Iwnefits  mankind  has  derived        ^J**  »  straight  bar  of  hard  tempere<l 

from  mairnetism  as  applied  to  the  pur-  steel,  devoid  of  all  perceptible  magnetism, 

poses  of  navigation.    Tlie  discovery  of  J>«  »»*^  >"  »  ^^r^'^^al  ,po«J»o"  ^9^  f^^^ 

the  compass,  by  the  aid  of  which,  the  ^,«»*''^' »"  a  position  slightly  inclined  to 

mariner,  however  distant    from    land,  !*i«  perpendicular,  the  lower  end  deviat- 

amidst  cloudy  skies,  or  in  the  darkest  »"«  *«  J^e  north,)  and  struck  several 

nights,  is  enabled,  at  all  times,  to  steer  ?««•]  Wows  with  a  hammer;  it  will  be 

his  course  with  certainly,  and  traverse  ^0""^  to  have  acquired,  by  this  process, 

in  all  directions  the  wide  expnnses  of  all  the  properties  of  a  magnet 

ocean  which  separate  the  countries  and  ,   <?•>  Tlwse  properties  are  the  four  fol- 

continents  of  our  globe,  must  unqiies-  lowmK:-viz.    I.  Polarity.     2.    Attrao- 

tionablv  rank  among  the  great  diseove-  tion  of  uiiraagnetic  iron.     3.  Attraction 

ries  that  have  essentially  contributed  to  ^^  repuUion  of  magnetic  iron.    4.  The 

advance  the  civilixation  of  the  human  Jiower  ot  inducing  magnetism  in  other 

^^^  u^n.    These  we  shall  now  explain  and 

(2.)  The  term  Maonbtisii  expresses  >llu»^>'ate. 
the  peculiar  property  occasionally  pos-  ,        „  .     . 

eessed  by  certain  bodies,  more  especially  9  !•  i  oianty. 

by  iron  and  some  of  its  compounds,  (6.)    If    a  bar,  which  has   been  ren- 

whereby,  under  certain  circumstances,  dered  magnetic,  be  supported  in  such  a 

they    mutually    attract    or    repel    one  manner  as  to  have  entire  freedom  of 

another,  according  to  determinate  laws,  motion  in  a  horizontal  plane,  and  be  re- 

(3.)  This  property  was  first  noticed  moved  from  the  neight)ourhood  of  all 

in  a  mineral  substance  called  the  native  ferruginous  bodies  which  might  influ- 

fnagnai,  or  the  loadstone,  which  is  an  ence  it,  it  will  sirantaneously  turn  rounds 

ore  of  iron,  consisting   chiefly  of  the  and.  after  a  few  o«cW\»lV\<)tv<&«  ^'^^  ^yc^>^ 
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settle  In  a  position  directed  nearly  north 
and  south.  If  it  be  disturbed  from  this 
situation  and  placed  in  any  other  direc- 
tion, it  will,  as  soon  as  it  is  again  at  li- 
berty to  move,  resume  its  former  posi- 
tion. The  end  of  the  bar  which  points 
to  the  north,  is  that  which  was  lower- 
most at  the  time  it  acquired  its  magnet- 
ism by  hammering:  the  end  which, 
duiing  that  operation,  had  been  the 
upper  one,  is  consequently  that  which, 
wnen  the  magnet  is  free  to  move,  directs 
itself  to  the  south.  The  two  ends  of  a 
magnet  of  this  form  are  called  its  poles : 
the  one  which  spontaneously  turns  to  the 
north,  being  distinguished  as  the  fiorth^ 
and  the  other  as  the  south  pole:  and 
the  tendency  of  the  magnet  to  assume 
the  above  described  position  is  called  its 
Polarity.  The  straisrht  line  joining  the 
two  poles  of  a  magnet  is  called  its  axis. 
(7.)  There  are  several  ways  of  sup- 
porting a  magnet  so  as  to  enable  it  to 
manifest  its  polarity.  Tlie  readiest  mode 
is  to  suspend  it  by  a  thread,  fastened 

Fig.   I. 


Fi^.2 


When  thus  fitted  up,  it  acts  jike  the 
needle  of  a  mariner^s  compass ;  and  in 
its  principle  is  identical  with  that  in- 
strument. 

(9.)  We  mav. sometimes  find  it  more 
ex|)edient  to  fix  the  maemet  on  a  piece 
of  cork,  and  thus  make  it  float  on  water 


r~ 
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round   it    at    the    middle,    so   that    it 
may   be   sufficiently  balanced    to    pre- 
serve its  horizontal  position  as  it  turns 
freely  round  its  centre.     It  cannot,  in- 
deed, turn  thus,  without,  at  the  same  time, 
either  twistinsr  or  untwisting  the  thread 
by  which  it  hanj^s ;  and  the  reaction  of  the 
ttiread,  the  fibres  of  which  tend  to  resume 
their  original  situation,  or  the  force  of 
torsion,  as  it  is  called,  may  prevent  the 
naagnet  from  assuming:  the  precise  po- 
sition to  which  its  polarity  would  have 
broucrht  it.     But  by  eraployino-  a  very 
slender  thread,  and  takinij  itof  sufficient 
length,  the  fo-ce  of  torsion  may  be  so 
much  reduced  as  to  be  quite  insensible 
in  the  experiments  about  to  be  descril)ed. 
(8.)  Another  convenient  mode  of  ex- 
amining the  horizontal   movements  of 
the  mi^etized  bar  is  to  poise  it  on  its 
centre,   hollowed  into  a  cap,  which  is 
ni/ideto  rest  on  a  fine  point  fixed  in  a  stanci. 


in  a  basin.  In  this  case,  we  muct  take 
care,  however,  that  it  be  kept  at  a  suffi- 
cient distance  fron^  the  sides  of  the 
vessel  to  prevent  its  t)eing  affeeted  bjr 
the  capillary  attractions  of  the  water. 

The  same  precaution  must  be  used  if 
the  magnet  be  made  to  float  on  the  sur- 
face of  mercury,  which  is  an  excellent 
mode  of  givin?  it  complete  lil)erty  of 
motion.     But  the  vessel  containing  the 
mercury  should  be  at  least  six  inches  in 
diameter,  in  order  to  guard  against  the 
effects  of  the  curvature  of  the  surface 
of  the  mercury  near  the  sides.     When 
the  surface  of  the  mercury  is  very  clean 
and  bright,  which  happens  only  when 
the  metal  is  very  pure,  it  allows  of  the 
ready  motion  of  pieces  of  iron  floatins; 
upon  it     But  it  soon  tarnishes,  and  the 
film  of  oxide  which  forms  on  the  surface, 
becomes  a  great  impediment    to    the 
freedom  of  motion  of  the  floating  body. 
The  best  way  of  renderinc:  it  clean,  is  to 
strain  it   throui^h  a  funnel   of  paper 
rolled  up  into  a  cone,  having  a  smsL 
aperture  at  the  point,  of  about  the  for- 
tieth  of  an  inch  in  diameter. 

i  2.  Attraction  of  Iron. 

(10.)  If  either  pole  of  a  ma^et  be 
broutrht  near  any  small  piece  of  soft 
unmagnetic  iron,  it  will  be  found  to  at- 
tract  It.  Iron  filinifs.  for  instance,  are 
immediately  collecifed  together  when  i 
magnet  IS  placed  among  them;  and 
they  adhere  more  especially  to  the  poles 
(as  shewn  in  Jig.  4.  A),  from  wCdi. 
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Fig»  4.  (12.)  If  the  two  bodies  exerting  a 

mutual  action  upon  one  another,  be 
ver}-  different  in  their  size,  the  smaller 
of  the  two  will  necessarily  exhibit  the 
effects  of  this  action  more  strons^ly  than 
the  larfi^er,  because,  its  mass  being  less, 
the  same  force  will  communicate  to  it  a 
greater  velocity  of  motion.  We  find, 
accordingly,  that  the  small  fragments  of 
when  the  magnet  is  lifted  up,  they  re-  iron  in  the  experiment  just  described, 
main  suspended  in  thick  clusters.  (Fig.  appear  to  fly  towards  the  majjnet,  while 
4,  B.)  A  small  number  of  filings  are  their  reciprocal  action  on  the  magnet 
also  found  adherent  to  the  intermediate  itself  is  imperceptible.  But  this  latter 
parts  of  the  bar,  but  they  are  evidently  action  may  be  rendered  sensible  by  try- 
attracted  much  more  feebly  than  those  ing  its  effect  on  a  magnet  poised  or  sus- 
at  the  ends ;  it  may  also  be  remarked  pended  in  any  of  the  ways  above  men- 
that  there  is  a  part  of  the  magnet,  gene-  tioned ;  and  we  shall  find  that  on  pre- 
rally  mid-way  between  the  two  ends,  to  senting  a  piece  of  soft  iron  to  either  of 
which  the  filings  have  no  tendency  to  the  poles  of  the  mairnet,  the  latter  is 
adhere  at  all,  and  which  appears  there-  slowly  attracted  by  the  iron.  The  at- 
fore  to  have  no  power  of  attraction,  traction,  therefore,  between  the  magnet 
Thus  it  appears  that  the  attractive  and /he  iron  is  reciprocal, 
forces,  whatever  be  tlieir  nature,  reside  Let  us  next  see  what  influence  mag- 
chiefly  at  the  poles.  nets  have  upon  one  another. 

(11.)  It  is  an  established  law  of  na-  -  _  ...  ^.  .  _  ,  .  ^  . - 
ture.  the  knowledge  of  which  we  have  *  3.  Attractwn  and  Repulnon  qfMag- 
derived  by  induction  from  a  vast  variety  ^^"^  Irort, 
of  phenomena  occurring  in  every  part  (13.)  For  the  purpose  of  examming 
of  the  material  universe,  that  all  action  the  mutual  action  of  two  magnets,  we 
is  attended  by  a  corresponding  reaction,  may  either  present  to  the  poised  magnet 
equid  in  degree,  but  opposite  in  its  kind,  another  magnet  held  in  the  hand,  or  we 
to  the  action  itself.  Mechanical  philo-  may  place  two  ix)ised  magnets  in  dif- 
sophy,  in  all  its  departments,  abounds  ferent  positions  with  re8])ect  to  each 
with  exemplifications  of  this  funda-  other.  We  shall  find  by  sufficiently 
mental  principle ;  many  of  these,  indeed,  varying  these  positions,  that  when  tlie 
are  matters  of  familiar  observation,  poles  of  different  magnets  are  brought 
The  stretched  rope  pulls  back  with  equal  near  one  another,  they  in  some  cases 
force  at  both  its  ends ;  the  compressed  appear  to  be  attracted  towards  each 
spring  resists  equally  in  two  opposite  other,  while  in  others  they  manifest  a 
directions ;  the  exploding  powder,  at  mutual  repulsion.  This,  however,  does 
the  same  moment  that  it  propels  the  not  happen  capriciously ;  for  if  we  mark 
ball,  gives  to  the  ^un  its  recoil.  In  all  the  poles  according  to  the  distinction- 
the  effects  resulting  from  cohesion,  from  alrea!dy  pointed  out,  we  shall  find  that 
elasticity,  from  caloric,  from  animal  t  wo  noitn  poles  always  repel  each  other: 
force,  from  gravitation,  whether  actual-  — that  two  south  poles  also  repel  each 
ing  the  minutest  particles  of  matter,  or  other: — but  that  the  north  pole  of  one 
the  largest  masses ;  whether  exerted  on  magnet  invariably  attracts,  and  is  of 
the  rolUng  waters  of  the  ocean,  or  dis-  course  attracted  oy  the  south  pole  of 
played  on  the  grander  scale  of  the  pla-  another  mHsnet. 
iietary  movements,  the  same  universal  (14.)  It  thus  appears  that  there  are 
law  is  rigidly  observed.  To  every  phy-  two  species  of  magnetic  powers,  the 
sical  force  there  is  opposed  another  and  northern  and  the  southern,  which  in 
a  similar  force.  No  material  agent  can  their  mode  of  action  are  perfectly  simi- 
produce  an  effect  upon  another,  without  lar,  but  in  their  effects  are  directly  op- 
being  at  the  same  time  subjected  to  an  posite. 

equal  reaction  from  that  other  agent        (15.)  Such  of   our  readers  as  have 

An  attract  in:;  body  must  of  necessi^  be  studied  our  Treatise  on  Electricity  must 

itself  attracted,  and  a  repelling  body  re-  liere  be  struck  with  the  pointed  analogy 

pelled.     TTiis  perfect  reciprocity  of  ac-  which  subsists  between  the  phenomena 

tion  takes  plaice  in  all  tne  agencies  of  of  magnetic  attraction  and  repulsion, 

electricity; — it  exists  also  in  those  of  and  those  of  electricity.    In  both  there 

magnetum.  exists    the  same  chax«fi.\ttc  qV   ^^>SS:iyft 
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ac^enctes  of  opposite  kinds,  capable, 
when  separate,  of  acting  with  great 
energy,  but  being,  when  combined  toge- 
ther, perfectly  neutralized  and  exhibit- 
ing no  sign  of  activity.    As  there  were 

two  electrical  powers,  the  positive  and  p^-^  g 
the  negative,  or,  as  some  prefer  denomi- 
nating them,  the  vitreous  and  the  re- 
sinous,   so    there    are    two     masrnetic 

powers,  distinguished  as  the  nbrthem  hold  it  horizontally  near  one  of  the  polefl 

and  the  southern  polarities ;  or,  as  some  of  a  strong  magnet,  also  lying  in  a  hori- 

choose  to  designate  them,  the  austral  zontal  position,  but  not  touching  the 

and  the  Iwreal.     The  parallel  is  most  key;  and  if  we  then  apply  another  Jight 

exact.    Both  sets  of  phenomena  are  go-  piece  of  iron,  such  as  a  small  nail,  to  the 

vemed  by  the  same  characteristic  law,  other  end  of  the  key,  the  nail  will  hang 

which  may  be  expressed  by  the  follow-  from  the  key,  and  will  continue  to  do  so 

ing  concise  and  general  formula,  namely,  while  we  slowly  withdraw  the  magnet 

— between  like  powers  there  is  repul-  horizontally  from  the  key.    When  the 

sion ;  between  unlike,  attraction.  magnet  has  been  moved  beyond  a  cer- 
tain distance,  the  nail  will  drop  from  the 

$  4.  Induction,  key,  because  the  magnetism  induced  on 

(16.)  The    communication   of   mae-  *he  key  becomes,  at  that  distance,  loo 

netic  properties  to  iron  or  steel  by  the  weak  to  support  the  weight  of  the  nail, 

mere  approach  of  the  poles  of  a  magnet.  That  this  is  the  real  cause  of  lU  ftlUng 

is  also  analogous  in  its  principal  cir-  off  may  be  proved  by  Uking  a    itiU 

cumstances  to  electric  induction.  Ksrhter  fragment  of  iron,  such  as  a  piece 

„.  of  very  slender  wire,  and  applying  it  to 

/            ^  the  key.    The  mainietism  of  the  key 

£     ^  I      ^  ^-^tti   b^*-%  ^^^^  ^      ^'^  sufficiently  strong  to  support 

"^^^^      «^      n*^  ^^^  ^'^^*  thoiufh  it  could  not   support 

the  nail:  and  it  will  continue  to  support 

If  the  north  pole,  N,  of  a  niai^net  A  the  wire,  even  when  the  magnet  is  yet 

{Jig.  5),  be  brought  near  to  the  end  *  of  further  reniove<l ;   at  length,   however, 

an  unmagnetized  bar  of  iron.  H.  that  when  the  distance  is  still  greater,  the 

end  will  immediately  acquire  the  pro-  wire,  in  its  turn,  drops  off. 

perties  of  a  south  pole,  wliile  the  opix)-  The  same  effects  may  t)e  observetl  if 

site,   or  distant  end. /?.  will  at  the  same  the  nail  he  placed  in  contact' with  the 

time  be  converted  into  a  north  pole.    If,  near  end  of  the  key;  but  they  are  gene- 

instead  of  the  north  pole.  N,  the  south  rally  less  distinct,  on  account  of  the  di- 

pole,  S,  had  been  presented  to  the  bar.  rect  influence  which  the  magnet  exerts 

the  changes  effected  in   B  would  have  on  the  nail,  and  which  interferes  in  some 

been  just  the  reverse;  the  adjacent  end  decree  with  the  action  of  the  key,  so 

would  have  acquired  the  northern,  and  that  the  results  become  complicated, 

the  distant  end  the  southern  polarity.  (19.)  The  same  series  of  phenomena 

(17.)  Thus  we  may  observe  that  each  take  place  when  the  key  is  held  above 

pole  of  a  magnet  induces  the  opposite  or  below  the  pole  of  the  magnet,  or  on 

Kind  of  polarity  in  that  end  of  the  iron  either  side  of  it.    The  key  will  hold  the 

which  is  nearest  to  it.  and  the  same  kind  nail  or  wire  suspended  from  either  end, 

on  the  remotest  end  ;  just  as  happens  in  as  long  as  the  magnet  is  near  enough  to 

the  induction  of  electricity,  in  which  the  exert  sufficient  influence  on  the  key. 

positive  state  induces  the  neirative,  and  (20.)  If  the  key  be  laid  upon  a  piece 

the  nep:ative  the  positive  state,  in  those  of  paper  on  a  table,  and  several  small 

pails  of  an  insulated  conductor  w  Inch  bits  of  wire,  or  iron  filings,  be  strewed 

are  nearest  to  the  electrified  body ;  and  round  one  end  of  the  key,  whicli  we  sup- 

a  similar  state  of  electricity  in  the  dis^p  pose  to  t)e  devoid  of  all  magnetic  pro- 

tant  end.  perties.no  adhesion  will  be  perceptiljle 

(18.)  That  the  iron,  while  it  remains  between  the  fragments  of  iron  and  the 

in  the  vicinity  of  the  magnet,  possesses  key.     I^t  us  now  approach  the  pole  of  a 

the  magnetic  properties,  may  be  shown  magnet  to  the  other  end  of  the  key  ;  we 

by  a  variety  of  experiments.  immediately    observe    the    tilings    and 

First,  it  attracts  other  iron.     If  we  liirhter  pieces  of  iron  spontaneously,  and 

take,  for  instance,  a  key  (y^.  6),  and  ofunu  accord,  move  towards  the  key,  and 
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adhere  to  it  just  as  if  the  key  had  ilself 
becume  a  mafrnet.  They  also  col-  * 
lect  and  cohere  to^rether,  as  if  animated 
by  a  common  sympathy.  When  this 
has  taken  place,  let  us  suddenly  remove 
the  ma^et :  that  moment  all  these  ef- 
fects cease  at  once,  the  key  returns  to 
its  natural  or  unmngnetic  state ;  the 
bits  of  iron  which  had  attached  them- 
selves to  it  immediately  fall  off,  and 
show  no  tendency  either  to  cohere  among 
themselves,  or  to  adhere  to  the  key. 

(21.)  Secondly,  the  vicinity  of  a  mtL^- 
net  to  a  piece  of  iron  gives  it  the  jiro- 
perty  of  attracting  and  repellinir  the  re- 
sjiective  poles  of  another  magnet,  in  the 
same  way  as  a  mainict  wouldliave  done. 
The  truth  of  this  proposition  may  easily 
be  proved  by  placing  a  small  compass 
needle  poised  as  in  Ji/^.  2,  in  various  si- 
tuations relative  to  the  ends  of  the  key  or 
any  other  piece  of  iron  of  a  lengthened 
shape,  while  in  the  vicinity  of  the  magnet. 
It  will  be  seen  by  this  examination  that 
the  piece  of  iron  has  acquired  by  induction 
two  poles,  the  qualities  of  which  will  be 
discovered  by  their  attractions  or  repul- 
sions of  the  poles,  of  the  compass  needle, 
as  they  are  respectively  presented  to 
each ;  and  it  will  be  found  that  these 
two  poles  are  disposed  in  the  manner 
specified  above. 

(22.)  Thirdly,  the  iron,  which  has  be- 
come  magnetic  by  induction,  has  at  the 
same  time  acquired  the  power  of  in- 
ducing a  similar  state  of  magnetism  on 
the  iron  in  its  neighbourhood.  Thus, 
while  the  bar  B,/ig.  5,  is  rendered  mag- 
netic by  the  influence  of  the  magnet  A, 
it  exerts  itself  a  similar  power  on  an- 
other bar  C,  rendering  it  also  magnetic. 
The  bar  C,  in  its  turn,  will  act  in  like 
manner  upon  another  bar,  D,  and  so  on. 
In  this  way  the  influence  of  the  magnet  A 
may  be  made  to  extend  along  a  series  of 
iron  bars  or  pieces  of  any  other  shape, 
each  acquiring  magnetism  by  the  induc- 
tive power  of  the  preceding  piece ;  and  in 
its  turn  inducing  magnetism  on  the  next. 

(23.)  But  this  is  not  alL  The  piece 
of  iron  which  has  been  rendered -magne- 
tic by  the  vicinity  of  a  magnet,  not  only 
acts  upon  the  other  iron  that  is  near  it, 
but  also  reacts  upon  the  magnet  from 
which  its  power  is  derived,  and  increases 
the  intensity  of  its  magnetism.  The 
power  of  a  magnet  is,  in  fact,  augmented 
by  the  exertion  of  its  inductive  influence 
on  a  piece  of  iron  in  its  neighbourhood. 
A  simple  experiment  is  sufficient  to 
prove  this  fact. 

Let  a  piece  of  iron  be  suspended  from 
one  of  the  poles  of  a  straight  magnet ; 


and  let  the  weight  which  this  magnet 
will  carry  be  ascertained  by  attaching  to 
the  iron  a  scale,  capable  of  holding  the 
weights  necessary  for  this  trial,  and 
which  may  be  gradually  increased  till 
the  piece  of  iron  drops  off  from  the 
magnet.  Repeat  this  experiment,  hav- 
ing previously  placed  a  bar  of  iron  in 
contact  with  the  other  pole  of  the  mag- 
net, and  it  will  be  found  that  the  mag- 
net will  now  support  a  much  greater 
weight;  showing tne  increase  of  powei 
it  has  derived  from  the  presence  of  the 
bar  of  iron  which  has  been  applied  to 
the  other  pole,  and  the  induced  magnet- 
ism of  which,  although  solely  derived 
from  the  masrnet,  reacts,  by  a  kind  of 
secondary  induction,  upon  that  magnet. 
We  have  already  had  occasion,  in  the 
Treatise  on  Electricity,  to  notice  the 
same  kind  of  reaction  in  the  case  of  elec- 
tric induction.  The  increased  intensity 
which  a  magnet  acquires  by  induction 
often  leads  to  the  permanent  acquisition 
of  power  by  the  magnet.  Hence  we  may 
understand  the  reason  why  a  magnet  that 
is  employed  for  magnetizing  a  neutral  bar 
of  steel,  by  means  of  its  inductive  power, 
becomes  itself  stronger  by  the  operation. 

(24.)  It  is  a  necessary  consequence  of 
the  law  of  magnetic  induction  that  it  is 
accompanied  by  attraction  :  for  the  po- 
larity of  the  adjacent  end  of  the  piece  of 
iron  on  which  the  magnetism  is  induced, 
is  always  of  the  opposite  kind  to  that 
of  the  pole  of  the  piece  which  induces  it : 
according  to  the  fundamental  law  of 
magnetism,  therefore,  a  mutual  attrac- 
tion must  take  place  between  them.  The 
remote  end  of  the  piece  on  which  the 
magnetism  has  been  induced  is  indeed 
repelled,  because  its  polarity  is  similar 
to  that  of  the  inducing  pole :  but  it  is 
evident  that  the  attractive  action  of  the 
adjacent  and  dissimilar  poles  will  always 
be  stronger  than  the  repulsive  action  of 
the  more  distant  poles ;  and  will  there- 
fore always  prevail. 

(25.)  This  remark  leads  us  to  a  veiy 
important  step  in  the  generalization  of 
the  magnetic  phenomena.  We  have 
hitherto  spoken  of  the  attractive  power 
of  magnets  for  iron  as  one  of  the 
primary  facts  in  the  science:  but  we  now 
see  that  it  is  merely  a  necessary  result  of 
a  more  general  law,  namely,  that  of  in- 
duction, together  with  the  law  of  action 
of  the  two  polarities  upon  each  other : — 
or,  in  other  words,  that  it  is  itself  com- 
prehended in  these  more  general  facts. 
A  ma^et  attracts  a  ^lece  ol  >xMSi'^^« 
netic  iron,  no\  ^xom  %iv^  VcCtv«t«cv\.  ^imk^- 
sition  to  allraLcX  *\V  \TvV\v«X^\^\^»>a\xV\sw 
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consequence  of  im  indudive  inflnenoe, 
which  converts  it,  for  the  time,  into  a 
second  mHfi:net,  having  its  poles  so  dis- 
l>oKed  with  relation  to  the  ftrst  matrnet, 
that  the  adjacent  parts  have  ahvays  op- 
posite polarities ;  and  attraction,  there- 
fore, takes  place  hetween  them.  Thus 
the  pieces  A  and  B,  /ig.  5,  attract  each 
other,  simply  hecause  the  induced  mai;- 
netism  of  the  end  s  is  of  the  opposite 
kind  to  that  of  the  pole  N.  In  like  man- 
ner B  anl  C  attract  each  other,  because 
the  polarities  of  the  adjacent  poles  n  and 
t*  being  of  a  dissimilar  kind,  their  mu- 
tual action  is  attraction.  With  respect 
to  this  ultimate  effect,  the  inductive  in- 
fluence of  either  pole  is  exactly  alike, 
and  leads  to  the  same  result. 

(26.)  We  may  now  understand  the 
reason  why,  when  a  matrnet  is  placed  in 
a  heap  of  iron  filins:s,  and  then  lifted 
up,  the  filings  attach  themselves  in  clus- 
ters to  the  poles,  arranging  themselves 
in  lines,  and  adhering  together  by  a  force 
of  attraction  which  extends  from  each 
individual  particle  to  those  which  precede 
and  follow  it.  The);  form,  indeed,  by 
their  mere  juxtaposition,  under  the  in- 
fluence of  the  large  magnet,  a  series  of 
minute  magnets,  of  which  the  poles  are 
similarly  situated  in  each,  and  being 
alternately  north  and  south,  the  adjacent 
ends  attract  one  another. 

(27.)  This  disposition  of  the  poles 
may  l)e  verified  by  makinir  an  experi- 
ment of  the  same  kmd  on  a  larger  scale, 
suspending  from  the  end  of  a  strong 
matfnel  a  piece  of  iron,  such  as  a  key  {fg. 
7),  from  the  lower  end  of  which  a  smaller 
key  may  be  made  to  hang 
in  consequence  of  its  in- 
duced magnetism.  To  this 
may  be  ap))ended  a  still 
smaller  piece  of  iron,  such 
as  a  nail ;  and  we  may 
thus  proceed,  adding  piece 
after  piece,  till  the  lower 
one  will  exert  only  suffi- 
cient attraction  to  sus- 
tain a  very  small  weight 
of  iron,  such  as  a  small 
needle.  The  polarities  of 
the  lower  ends  of  each 
piece,  if  examined  previ- 
ously to  each  additional 
piece  being  appended  to 
it,  will  be  found  to  l>e 
constantly  of  the  same 
kind  as  that  of  the  lower 
end  of  the  magnet  from 
which  the  whole  is  sus- 
pended. This  may  be 
ascorta\ncd    \w    \V^    >^t.- 


Fig.7. 


tracting  or  repelling  tne  poles  of  a  small 
masmetic  needle  balanced  on  a  point, 
and  supported  on  a  stand,  as  shown  at 

(28.)  Tlie  knowledge  of  the  {^eral 
fact,  that  magnetic  induction  always 
tends  to  pnxhice  attraction  between  the 
adjacent  parts  of  the  bodies  which  act 
upon  each  other,  enables  us  to  explain 
many  phenomena,  which  mififht  other- 
wise appear  to  be  at  variance  with  the 
simple  laws  of  attraction  and  repulsion 
already  stated.  Thus  we  find  that  the 
dissimdsr  poles  of  two  magnets  attract 
each  other  with  a  force  which  is  greater 
than  the  repulsion  exerted  between  the 
similar  poles  of  the  same  magnets  ;  and 
this  happens  hecause,  in  the  former 
case,  the  tendency  of  induction  is  to 
strengthen  the  magnetic  power  of  the 
adjacent  dissimilar  poles;  but,  in  the 
latter  case,  where  the  poles  are  similar, 
each  pole  tends,  by  its  inductive  influ- 
ence, to  weaken  the  mairnetism  of  the 
other.  This  is  exemplified  in  a  still  more 
striking  manner,  when  a  weak  magnet 
is  brought  near  to  a  much  more  power- 
ful one:  in  which  case  we  fina  that, 
although  when  they  are  at  a  moderate 
distance  fh)m  each  other,  either  pole  of 
the  weaker  masrnet  is  repelled  by  the 
similar  pole  of  the  strong  one ;  ^et,  if  it 
be  brought  very  near,  and  especially  if  it 
be  made  to  touch  the  latter,  it  is  at- 
tracted, and  will  even  adhere  with  some 
force  to  the  strong  magnet  This  effect 
evidently  results  from  the  powerful  in- 
ductive influence  of  the  strong  mascnet, 
which,  for  the  time,  destroys  the  feeble 
polarity  of  the  weak  magnet  at  the  part 
immediately  adjacent,  and  impresses 
upon  it  a  polarity  of  an  opposite  kind : 
whence  attraction  follows  as  a  neces- 
sary consequence  of  contrary  polarities. 

(29.)  The  intensity  of  magnetic  jwwer 
developed  by  induction  in  an  iron  bar, 
was  found  by  Mr.  W.  S.  Harris  to  l»e 
inversely  as  the  distance  of  the  induciiig 
pole  from  the  adjacent  end  of  the  l>ar  on 
which  it  acts.  It  would  also  appear, 
from  the  experiments  of  the  same  gen- 
tleman •,  that  the  intensity  of  the  mag- 
netism induced  on  the  remote  end  of  the 
bar,  is,  with  the  same  inductive  (X)wer 
acting  on  the  nearer  end,  inversely  as  { 
the  hnglh  of  the  bar.  j 

Magnetic  induction  is  not  confined  in    « 
ils  operation  to  any  particular  direction; 
thus  a  l)Hr  of  iron  will  be  rendered  mag- 
netic if  placed  at  right  angles,  or  at  any 
other  inclination  to  the  axis  of  the  mag- 

*  Ir^tnitactions  of  Cbe  Iloyal  Sucictr  of  Cdiabori^ 
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net,  or  Vme  joining  if t  two  polesi,  m  in 
the  situations  represented  in  Jig.  8.  The 

Ffg.  8. 


ends,  *,  *,  of  the  bars  B,  C,  adjoin* 
ins:  the  north  pole  N  of  the  magnet  A, 
will  still  become  south  poles  by  induc- 
tion, and  the  ends  n,  n,  north  |)oles. 
Under  these  circumstances,  if  the  incli- 
nation be  less  than  a  right  angle,  as  in 
the  case  of  C,  the  opposite  pole  of  the 
magnet  «  begins  to  exert  an  inductive 
influence  on  tiie  other  end  of  the  bar  n, 
which  concur  with  that  of  the  pole  N 
in  renderini;  n  a  north  and  «  a  south 
pole.  The  most  favourable  position  for 
the  bars  receiving  the  full  inductive  in- 
fluence of  both  pmes  is  that  of  parallelism 
with  the  magnet  A,  as  shown  m  /Ig.  ^. 

Fig,  9. 


of  the  points  will  have  a  stronger 
northern  polarity  than  in  the  last  case. 
Analof^ous  effects  may  be  observed  in 
pieces  of  iron  of  an  irregular  shape 
when  acted  upon  hy  a  magnet ;  the  part 
immedialely  adjoimng  to  the  north  pole 
of  the  magnet  acquires  the  properties  of 
a  south  pole,  and  all  the  remote  protu- 
berances liave  a  feeble  northern  polarity. 

$  5.  Complex  Induction, 

(32.)  When  two  magnets  are  placed 
so  as  to  exert  an  inductive  influence  on 
the  same  bar,  it  will  depend  on  their  re- 
lative position,  whether  they  shall  con- 
spire to  produce  the  same  polarities  in 
the  ends  of  the  bar,  or  whether  they 
shall  oppose  each  other,  and  produce 
contrary  polarities.  If  the  bar  B,  Jig* 
13,  lie  between  the  two  magnets  A  amf 

Fig.  IS. 
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(30.)  Complicated  effects  result  from 
bringing  the  magnet  in  oonfact  with 
other  parts  than  the  ends  of  a  piece  of 
iron.    Thus,  if  the  north     Fig,  10. 
pole  of  a  magnet  be  placed 
in  the  middle  of  an  iron 
bar,  as  in  fig,   10,    both 
extremities  of  the  bar  are 
rendered  north  poles,  while 
the    middle    is    a    south 
pole. 

(3 1 .)  If  the  north  pole  of  a  magnet  be 
placed  on  the  centre  of  a  round  iron 
plate  {fig,  II),  so  that  its  axis  may  be 
Fig,\\'.  Fig,\2. 


perpendicular  to  it,  the  plate  will  have  a 
south  pole  in  its  centre,  and  every  part 
of  its  circumference  will  have  the  pro- 
perties of  a  weak  north  pde.  If  the  plate 
have  the  form  of  a  star  (  4(g.  12),  each 


Cy  and  be  in  the  same  line  with  them, 
and  if  N,  the  north  pole  of  A,  be  adjar 
cent  to  S,  the  south  pole  of  C,  the  inter- 
mediate bar  B  will  receive  a  magnetism 
of  the  same  kind  from  the  inductive 
power  of  both  the  magnets,  its  south 
pole  «  being  arljacent  to  N,  and  its 
north  pole  n  to  S.  Its  magnetic  power 
will,  therefore,  be  considerably  greater 
from  the  united  influence  of^the  two 
magnets,  than  it  would  have  been  flrom 
the  influence  of  one  only. 

(33.)  It  may  here  be  observed  that  the 
order  in  which  the  poles  of  these  pieces 
A,  B,  and  C,  succeed  one  another,  is 
exactly  the  same  as  that  which  obtains 
in  the  successive  induction  of  magnetism 
along  a  series  of  iron  bars,  as  in  fig,  5. 
Now  the  same  consequences  follow  from 
this  arrangement  in  the  one  case  as  in 
the  other.  We  have  just  seen  that  when 
C  is  a  bar  already  rendered  magnetic, 
the  magnetism  of  the  iron  bar  B,  which 
the  magnet  A  had  induced  upon  it,  is 
increased  by  the  presence  of  C.  In  like 
manner,  we  find  that  the  magnetism  of 
the  bar  B,  in  the  case  above  referred  to, 
fig,  5,  is  increased  by  the  presence  of  ano- 
ther piece  of  iron  C,  placed  at  its  end,  al- 
though that  piece,  previously  to  its  being 
so  placed,  was  entirely  free  from  magnet- 
ism. This  increase  is  owing  to  the 
piece  C  having  become  magnetic  by  its 
position  with  respect  to  B,  which  had 
itself  been  rendered  magnetic  by  the 
vicinity  of  the  magnet  A.  C  havini; 
thus  become  a  leia\^m>)  \SL'»sgc«\  V| 
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(he  ftflHoB  of  B,  reiett  upon  B,  and,  ex- 
erting ft  new  induetWe  infloenoe,  tends 
to  incrasse  itt  magnetism  in  the  same 
Bunner  as  if  it  had  been  a  permanent 
magnet.  Thus  it  is  that  in  a  series  of 
iron  btn  held  together  by  induced  mag- 
netism, each  piece  tends  to  increase  the 
strength  of  the  preceding  piece,  and 
the  whole  coheres  together  with  greater 
fMXie  than  if  no  such  reaction  took 
place.  This  circumstance  affords  a  fur- 
ther explanation  of  the  strong  cohesion 
we  observe  among  the  particles  of  iron 
llUngf,  wtuch  hang  in  long  threads  from 
the  poles  of  a  magnet. 
(34.)  A  closer  attention  to  the  conse- 

3aenoes  which  flow  from  magnetic  in- 
uction,  will  also  enable  us  to  explain 
another  remarkable  fact,  which  the  ad- 
*  he^on  of  the  strings  of  iron  filings  pre- 
sents. It  is  that  each  separate  filament, 
although  composed  of  parts  that  attract 
cwsh  other  in  the  direction  of  their 
ki^gth.  yet  shew  a  tendency  to  keep  dis- 
tinct from  the  neighbouring  filaments, 
and  even  appear  to  repd  one  another. 
In  order  to  understand  this,  let  us  con- 
sider the  condition  of  several  slender 
iron  bars  placed  side  by  side,  and  ad- 
hering to  the  north  pole  of  a  magnet,  as 
shewn  my^.  14.  The  in-  p^  14^ 
ductive  power  of  the  map-  zL.. 
net,  as  we  have  seen,  will 
render  each  of  the  ends  in 
contact  with  that  pole,  a 
south  pole,  while  all  the  re- 
mote ends  will  be  north 
poles.  Hence,  the  bars  will 
all  have  their  similar  poles 
near  each  other,  ana  this 
will  happen  at  both  their 
extremities,  and  they  will 
accordingly  repel  one  ano- 
ther. As  long  as  they  ad- 
here to  the  magnets  by  one  end,  this 
repulsion  will  be  prevented  by  that  ad- 
hesion from  shewing  itself;  but  at  the 
other  ends,  which  are  at  liberty  to  move, 
it  will  he  strongly  manifested,  and  the 
bars  will  be  observed  to  separate  or 
diverge  fn)m  one  another.  Now  this  is 
very  nearly  the  condition  of  the  fila- 
ments composed  of  particles  of  iron. 
The  polarities  of  those  parts  of  each 
which  are  in  contact,  are  neutralized  and 
become  scarcely  sensible ;  but  those  of 
the  extremities,  being  uncompensated, 
exert  their  full  power,  and  produce  the 
observed  repulsion  of  the  filaments. 

(35.)  This  effect  of  induction  is  exceed- 
intrly  well  illustrated  by  the  following 
ex|)eriment  of  Cavallo:    let    two  short 


pleoee  ef  iron  wire, /f.  1ft,  be  eaA  flM- 
fened  to  a  thread,  the  thread 
|oined  at  thehr  other  ends  and 


I  1mm 
fDmea 


into  a  loopk  by  which  they  are  to  be 
pended  fromaho(Aorpin,80  aatohaW 
full  liberty  to  move.  Oabnqpngthe 
pole  of  a  magnet,  the  south  pole  te 
mstaaoe,  at  a  certain  distanoe  below  Hit 
wires,  it  will  oooasion  then  to  reeede 
from  each  other,  as  shewn  in jfl^g.  Itf,  iO' 

Fig.\&.      1^.16.        Jnir.17. 
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dieatmg  the  repulsion  whii*h  takes  i^ace 
between  the  aajacent  ends  of  the  wires, 
in  conseouence  of  their  being  similarly 
affected  by  the  inductive  power  of  fm 
magnet :  the  lower  ends  of  both  iMm^ 
rendered  north  poles,  and  the  npper  ends 
south  poles.  This  divergency  of  the 
wires  will  continue  to  increase  until  the 
ma^et  has  approached  to  a  certaia 
limit.  But  if  the  magnet  is  brouidrt 
nearer  than  this  limit,  its  own  attractive 
force  becomes  so  strong  as  to  OTerpowtr 
the  repulsion  that  exists  between  the 
lower  ends  of  the  wire ;  and  therefoit 
brimrs  them  nearer  to  each  other,  at 
shewn  in /^.  17;  while  the  repulsion 
of  the  up|)er  ends  9,  #,  atill  conti- 
nues to  manifest  itself,  by  keeping  tbew 
remote  from  one  another.  l)n  removipK 
the  magnet  entirely,  the  wirea  imsM 
diately  collapse,  their  magnetism  bong 
only  of  a  transitory  nature.  But  if  tbs 
same  experiment  be  made  with  aewisL 
needles,  instead  of  soft  iron  wires,  the 
needles  will  often  continue  to  repel  easli 
other  after  the  removal  of  the  magMi 
having  acquired  some  degree  of  pcnoa* 
nent  magnetif^m  by  the  cireumatanctaii 
which  they  have  been  plaecd* 

(36.)  If  four  wires  be  suspeDdad  in  t 
manner  similar  to  thoet  in  ma  last  a- 


periment,  each  by  iti  tepirntR  thread,  ertdentllMt  an  ef&ct  of  an  opposite  kind 
Iheinductionofaiimilarma^etjamupon  must  result  when  the  diMiniiltr  polet  of 
all  of  them  will  produce  a  mutual  re-  &__  I9_  flg.  80. 
pulsion  among  them,  Bnd  they  will  of  '*'  ' 
(course  all  diven^  from  one  enolht^r. 
Rut  if  the  wiren  be  made  of  tteel,  so  as 
ro  retun  whatever  magnetism  mav  be 
comraunicated  to  them,  and  a  nortnem 
polarity  be  given  to  the  lower  ends  of 
Ivcoof  the  wires,  but«  Bouthem  pola- 
rity to  the  lower  endi  of  the  other  two 
wires,  when  each  of  these  pniri  is 
kept  apart,  the  wiren  will  repel  each 
other ;  but  if  both  pairs  are  brought  to- 
geihtr,  all  the  four  wires  will  unite  and 
adhere  together.  The  reason  ii  that 
those  wirea  whicli  have  opposite  pulari- 
ties  aXratting  each  other,  unite  tufurm 
H  pair  in  whch  the  polarities  are  ba-  the  magnets  are  both  applied  fo  the  tame 
lanced,  and  the  repulsion  each  had  be-  end  of  a  bar.  These  poles,  beinjt  of  dif- 
fore  exeKed  towards  those  which  were  ferent  kinds,  will  produce  contrary  ef- 
similar  in  the  other  pair,  is  now  entirely  fecti ;  their  inductive  mfluence  will  op- 
neutraliied.  The  same  thinE  will  hap-  poie.  instead  of  assisting,  ea^  other, 
pen,  however  numerous  are  toe  pairs  of  and  the  magnetism  induced  on  the  bar 
wires  thai  are  dia  similarly  magnetized.  will  bt  only  that  resulting  fttim  the  dif- 
(37  )  In  order  that  a  bar  of  iron  may  ference,  instead  nf  the  sum  of  their  in- 
receive  the  combined  inductive  influence  tensities.  If  the  bar  be  uf  some  length, 
of  two  maenets,  it  is  not  necessary  that  and  if  the  mae^cts  t>e  of  equal  streneth, 
they  should  all  be  situated  in  Ihe  same  and  applied  close  to  each  o1  her,  their 
line  as  in  the  example  already  given,  actions  upon  the  remoter  parts  of  the 
The  same  effect  will  result  if  the  bar  be  bar  will  be  so  nearly  equal,  that  tbev 
at  rit-ht  angles  to  the  two  magnets,  as  in  will  almost  entirelv  neutralize  each 
the  following  figure  (18),  provided  the  other,  and  no  sensible  degree  of  raag- 
_.  nelism  wiU  be  excited.  Tims  if  while  a 
*■  key  is  supported  bv  a  magnet  as  in^. 
211.  we  gradually  tiring  down  upon  it  a 
second  mngnet,  withita  lower  pole  ofthe 
opposite  kind  to  the  lower  pole  of  the 
first  magnet,  it  will  tend  to  induce  in  the 
two  ends  be  immediately  acted  upon  re-  key  a  polarity  of  an  opposite  kind  to 
spectively  by  the  poirs  of  op|iosile  deno-  tliat  which  it  has  received  from  the  first 
minations  of  the  magnets.  The  attrae-  magnet  In  as  far  as  it  exerts  that  in- 
tion  of  a  liar  in  this  situation  is  much  Buence  it  diminishes  this  magnetism, 
increased  bytheconspiring  induolivein-  nnd  consequently  weakens  Ihe  attrae- 
Buence  of  the  two  magnets  ;  and  the  lion.  Another  cause  also  operates  in 
force  exerted  is  more  than  dout)le  of  that  diminishing  the  attraction.  The  polarity 
by  which  it  would  have  adhered  to  either  induced  upon  the  adhering  end  of  ttie 
of  Ihe  magnets  when  singly  employed,  key  is  ofthe  contrary  kind  to  that  of  Ihe 
This  maybe  verified  by  attaching  the  pole  uf  the  first  magnet;  it  is  therefore 
Kale  of  a  balance  to  the  bar  f/ig.  19,)  ol  tlie  same  kind  with  that  ofthe  second 
snd  adding  weights  till  its  adhesion  to  magnet  which  is  brought  near  it,  and 
the  magnets  is  overcome:  these  weights  which,  therefore,  as  far  as  Ihe  key  re- 
will  be  found  to  exceed  the  sum  of  the  tains  its  induced  magnetum,  must  repel 
weights  which  the  two  magneta  would  it.  Accordingly,  it  happens  that  wtien 
have  supported,  liy  mtans  uf  ihe  adhe-  the  second  magnet,  if  sufficiently  power- 
lion  of  the  same  iron  bar,  if  they  had  ful.  is  brought  within  a  certain  distance 
been  applied  separately  from  the  upper  end  of  Ihe  key,  it  de- 
(38.)Whilesuchis  the  effect  of  the  ap-  stroys  its  power  uf  adhering  to  the  mag- 
plication  of  the  dissimilar  poles  of  two  net,  and  the  key  drops  oil'. 
magnets  to  the  ends  of  a  bar  of  iron,  A  similar  counteraction  of  magnetic 
namelv,  that  of  conspiring  to  induce  the  imludion  will  take  place,  when  the  Other 
■ame  tiind  of  magnetism,  it  U  likewise  pole  uf  the  second  magnet,  that  i*  tb* 
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jtmairiMlto  iriMBhtbakqrMl- 
lKm.  M  cppiicid  to  (be  lowor  and  of  tb« 
fay.  The  firttaetMn  of  th*  lower  mac- 
Mt,  u  it  «nirMcbe«  the  by  ander 
tiMM  dnuiMtaneei,  u  to  rapd  it ;  but 
OB  bdnghroneht  itill  neerer,  iU  indue> 
tire  inftutnce  bccoiDM  to  pft  u  to  ra- 
Tcne  the  pole*  of  the  kev,  mKeb  U  now 
atlnetad  by  the  pole  wmch  befon  re- 
pelled it:  itthengeneteUydropeoffaiid 
Mlharee  to  the  lower  — — -* 


■nth  vole  U  «M(lMr  «Mnet  B.tt|L 
key  win  iaatsmj  dim  oK  xna  wiiw. 
b  that-  the  mecnet  a  Uadi  to  Mom 
upon  ihtnoMloorlomrMdof  theMbi 
m  eoDtnuy  polari^  ta  llutt«Uobi«  n- 
dneadnpon  it  by  A.eid  ttow  Jw*wp 
ita  powv  of  attnetJBfr  Ihetekw. 
luive  ft  loufli  pole  at  a.  ft  Bortb  Bok  at  Jb 
wbilaitalowBcndiqllbaiiaairaL  U,m 
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nete  A  and  C  bcinn;  applied  IcBgthwiw  to 
the  end*  of  an  intermiNiliate  bar  B.  will 
render  it  »  raegnet  with  three  Dolen 
tboeei^theutdb 

._  Jl  be  Bttraeled  by  both 
the  masnete,  thoogji  leei  powerfyqr  than 
whan  the  aoling  polea  of  the  latter  are 
of  oppotile  kindi,  as  in  the  utuation 
ahewn  byy^.  13.  In  more  complioatctl 
eawi,  and  mon:  eip«cially  when  the 
fbnn  of  the  piece  of  iron  ii  irregular,  it 
u  difficult  to  predict  the  exact  mode  in 
which  the  polea  will  arrange  Ihenuelvei 
when  mafcnetlini  ii  induced  upon  it  by  a 
•ingle  magnet,  and  still  more  when  the 
operation  of  two  or  more  magnett,  ee- 


ever,  ii  one  of  thoie  casei  in  whiuh  the 
procexs  that  takei  place  ii  mote  obvioua, 
and  which  fumishM  an  ■mmmg  illua- 
tretion  of  the  general  principle. 

(40.)  Take  a  piece  of  iron,  C  0^, 
82),  formed  into  the  ihape 
of  a  fork,  or  of  the  letter     ^-  23- 
Y,   and  sutpend  it  by  one 
of  the  branchei  of  the  fork 
to  the  north  pole  of  a 
net  A  ;  iti  lower  end 
immediately  acquire  a 
them  polonty,  and  wil,  a.^- 
tiaet  another  imall  piece  of 
iron,  auch  as  a  key,  which 
may   therefore    eaiily    be 
lupported  by  it  While  the 
key  ii  thui  hanging  from 
ib  lower  end,  ai^y  to  the 
Other  btwich  qf  the  Ibrk  the 


of  BBfiMtiaai  on  ino.  an  of  ft  tawMniT 
native,  dependhig  alluMlln  i  b»  tai  i»< 
fltHM*  aseitcd  Df  Cm  Mighboviai 
polaaofftHMgnat;  brwalMtettta 
Bomant  tha  wagaal  ia  Ti»B»tad,ftl  Mia» 
aSkali  oaaaa^  and  tin  iraa  nln  to  ib 
original  itala  of  nanlwB^.  odloaaaal 
in  manatis  praportiM.  Bat  tba  aaaa 
bdifltewtwbenitMl  laflMdaOaa* 
ieet  of  atpatimint.  MagDattn,  it  ii 
true,may  bcindueedoa  atad;  bat  thi 
induction  proceed*  very  *li>wlf,  and  m, 
at  firet,  much mwefteble  than  ilia  irrith 
iron.  Ontheolherhand.etaalihNanet 
like  iron,  luae  what  it  ha*  aequirad ;  fat, 
on  the  removal  of  the  magnet  whiek 
gave  it  the  otagnatio  pn^MitiM.  it  ra- 
taini  theie  iiropertie*  pomaBantlj;  it 
ha*,  in  bet,  become  itfofftraal  magnet. 
(43.)  Thi*  remarkaUa  diObrenee  ax- 
i^ini;  between  iron  and  alecl  in  thnr  t» 
■pective  luioeptibility  to  reeeirc,  and 
capacity  to  retain  magnetiMii,  moal,  ■• 
doubt,  ariae  Arom  Kcne  peeuliar  u- 
rsngement  of  their  particle^  the  aiad 
nature  of  which  ia  at  preaeot  anting 
unknown. 


tries  and  non-electriea  with  intard  ta 
the  power  of  condueling  elecArioily ;  ari 
the  magnetic  phenomena  dependieg 
upon  it  admit  of  being  eiplained  on  aa 
hypolhesii  *erv  similar  to  that  1^  whidi 
we  are  enabled  to  account  for  the  dee- 
trical  phenomena  which  corrcapond  te 
them.  The  two  magnetic  fxdaiita 
may  be  ooncnved  to  reside  conatanlh 
in  all  iron  or  steel,  and  in  tba  nalin 
or  neutral  condition  of  tbvabo^ea,  mag 
be  r^nrded  aa  in  a  atata  ol — '>"^--- 
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and  aA  equally  dmtnbuted  throus^hoat  evident  that  an  induclive  action  com* 
the  whole  masn.  But  this  state  of  equi*  mences  immediately  on  the  ma^et*s 
librium  in  a  bar  is  disturbed  by  the  in-  beimi:  presented  to  the  bar ;  for  the  latter 
fluence  of  a  mafi:netic  pole  in  the  vici-  is  attracted  and  adheres  very  strongly 
nity,  which  exerts  an  inductive  influ-  to  the  magnet  from  the  very  first 
ence.  This  new  force  which  comes  into  The  end  next  the  magnet  has,  there- 
play,  tends  to  transfer  one  kind  of  pola-  fore,  acquired  a  polarity  of  a  contrary 
rity  to  one  end  of  the  bar,  and  the  op-  nature  to  that  of  the  magnet.  For  fhe 
posite  polarity  to  the  other  end.  In  iron,  sake  of  greater  clearness  of  illustration, 
these  changes  are  readily  effected,  on  we  shall  suppose  the  actuaJpole  of  the 
account  of  the  facility  which  its  peculiar  latter  to  be  a  north  pole.  The  near  end 
texture  affords  for  the  transmission  of  of  the  steel  bar  is  at  once  converted  into 
these  airencies  in  both  directions.  No  a  south  pole ;  but  if  we  examine  the  re- 
sooner  is  the  cause  which  has  produced  mote  ena  we  do  hot  find  it  so  immedi- 
these  changes,  and  maintains  the  sepa*  ateljr  converted  into  a  north  pole.  A 
ration  of  the  polarities,  removed,  than  sensible  time  is  required  for  effecting 
all  the  effects  cease ;  for  there  exists  no  the  change  in  the  latter;  and  it  will  be 
obstacle  to  the  return  of  the  two  polari-  found,  upon  a  more  careful  investiga- 
ties  to  their  original  situations:  they  tion,  that  the  different  parts  of  the  bar 
revert,  therefore,  to  their  former  state  of  from  south  to  north,  acquire,  in  suc- 
eqiial  distribution,  and  the  condition  of  cession,  this  northern  polarity,  which 
neutrality  is  restored  in  every  part.  But  at  last  settles  in  the  extremity.  If 
it  is  not  so  with  steel;  the  constitution  of  the  bar  be  of  considerable  length,  it 
which  is  such  as  to  interpose  impedi- 

ments  to  the  transfer  of  the  polarities  '^S'  24. 

from  one  part  to  another.    It  requires  a  g  y     ^ 

certain  time  before  the  obstruction,  what-  ||mUmQg     HHUHHIB^ES 
ever  be  its  nature,  can  be  overcome ;  and 

l)efore  the  new  state    of  distribution,  often  nappens  that  the  northern  pola- 

which  induction  tends  to  establish,  can  rity  never  reaches  thus  far,  but  stops  at 

be  completed;    nor  can   the  changes  a  nearer  point;  and  in  that  case,  we 

themselves  ever  be  accomplished  to  the  generally  find  a  weaker  south  pole  ap- 

same  extent  as  they  are  in  bodies  which,  pearing  at  some  greater  distance;  and 

present  no  such  obstacles.    It  is  also  a  this  pole  also  travels  slowly  onwards 

necessanr  consequence  of  the  resistance  till  it  attains  its  furthest  limit.     This 

which  the  texture  of  steel  presents  to  is  often  succeeded   by  another   north 

any  chans^s  taking  place  in  its  mag-  pole,  and   even   a  greater  number  of 

netic  condition,  that  these    conditions,  alternations  will  sometimes  take  place ; 

when  once  induced,  tend  to  remain  in  each    successive    pole,    however,    be- 

a  great  degree  fixed.    Hence  we  see  coming  weaker  and  more  diffused  in 

the  reason  why  steel  bars  admit  of  being  proportion    as   they   are  more   nume- 

rendered  permanently  magnetic,  while  rous  and    more  distant.     The  points 

the  magnetism    induced  upon   iron   is  where  the  polarities  thus  change  from 

only  temporary.    A  steel  bar,  which  has  the  one  kind  to  the  other  have  been 

as  inreat  a  degree  of  magnetic  power  as  called  conMeeutive  points.    It  is  evident 

it  is  capable  of  retainintr,  is  said  to  be  that  alternations  of  this  kind  must  very 

Miuraied  with  magnetism.  much  disturb  the  regularity  of  the  mag- 

(43.)     In  order  to  obtain  an  exact  netie  actions   of   bars  in   which  they 

knowledge  of  the  progress  of  magnetic  exist,    and   complicate    the    resulting 

induction  in  steel,  we  should  place  a  bar  phenomena. 

of  this  material  very  near  to  the  pole  of  a        It  would  appear,  from  a  variety  of 

strong  magnet,  and  in  the  same  line  with  facts  hereafter  to  be  detailed,  that  a 

_.  certain  time  b  in  all  cases  required  for 

rig,  23.  Ijig  complete  operation  of  magnetic  in- 

-^     .  ^  duction. 

^     ■■■■  (44.)  There    are    certain    circum- 

stances and  modes  of  treatment  which 

it,  and  provide  ourselves  with  n  very  small  tend  to  quicken  the  progress  of  this  in- 

sold  delk^te  compass  needle,    poised  duction.    The  fijrst  of  these  is  concus- 

on  its  centre,  as  in  Jig,  2,  bv  whksh  the  sion.    Whatever  excites  a  tremulous  or 

polarity  of  each  part  of  the  bar  may  be  vibratory  motion  among  the  particles  ^\ 

examined  in  succes<«ion.     It  will   be  the  steel,  promolea  VVv«  \i9iXL<smv&i\»<Q^  <A 


the  masiietio  poburitict,  Mid  fluvours  the  impiind  and  weftkeMd,  fay  tha  vay 
induetioD  of  magnetinii.  Strikii^  on  stme  caiUM  which  ftrcand  ite  aoqw- 
^  bar  with  a  hammer  ii  fomid  to  pro-  ntkm  when  under  the  indufltiT*  | 
dueethieefBBct  in  a  remarkable  degree;    It  ia  aooordingly  found  that  anyi 

and  thMB  more  so  if  it  oooaaion  a  ring-  nieal  eoneuitton,  or  any  rough   .  _.^_, 

ini(  ioand  in  the  steel,  whidi  is  an  in-  has  a  tendency  to  desfaroy  the  power  of 

diealion  that  its  psrtieles  are  very  gene-  a  sted  magnet.    Dr.  Qnb&tt,  «rho  wat 

rally  thrown  into  vibratory  motion.  But  one  qt  the  earliest  diaoovmcn  in  thii 

any  other   cause  producing  agitation  scieBee,  found  that  a  aoMgnal  whkii  hi 

among  the  particles  asasts  in  the  in-  had  impregnated  very  strongly  waavwy 
ductioo  of  magnetism.  much  impaired  by  a  aiqala  Ml  on  the 

(460  The  transmission  of  andeetrie  ioor:  and  it  has  been  ouaauid  siaet 
dischuge  through  a  steel  bar  under  the  his  time,  that  a  magnet  ia  omiw  i^fured 
influence  of  a  magnet,  ia  sufficient  to  by  falling  on  ft  sl<nie  pafiUMul,  or  re- 
produce permanent  magnetism.  Tliat  ceiving  blows  which  eaua  it  to  aonnd 
the  electricity  actn  here  only  bv  its  me-  or  ring»  than  by  being  shuek  with  any 
ohanical  operation,  is  provea  Ijy  the  soft  or  yielding  substanoiu 
effect  being  the  same,  whatever  be  the  (48.)  In  like  manner  the  appliartioa 
direction  in  which  it  is  transmitted ;  of  heiit  to  a  magnet  ia  innunahljr  at- 
that  is,  whether  the  positive  stream  of  tended  by  a  diasipatioo  of  its  magoiHa 
deetricity  be  made  to  pass  from  right  power.  It  ia  even  aennlily  ailbciSd  fay 
to  left,  or  from  left  to  right,  don^  any  the  heat  of  boilin|p  water;  and  a  red  bait 
part  of  Uie  sted  bar ;  or  whether  it  be  totally  destroys  its  magnetiaak  It  faaa 
passed  longitudinally  or  transversdy  lieen  obsetfed  l^  Mr.  Cntoa,  tfa«t  if 
through  it.  This  mechanicd  operation  the  temperature  of  the  mag^nit  baa  tnaa 
of  de^dty  is,  however,  to  be  carefully  raised  only  to  that  cf  boiln^  wain;  al> 
distinguished  firom  an  iidluenee  of  a  to-  though  it  loses  moehof  its  power  dorimr 
tdly  different  description,  which  it  is  the  operation,  yet  that  a  mat  part  off 
capable  of  exerting  m  produdnfc  ma^  is  again'recovered  on  ita  becoming  eooL 
netbm,  and  the  o|)eration  of  wluch  will  But  after  it  hai  lieen  heated  to  rsdaaii^ 
be  the  subject  of  a  distinct  treatise  here-  no  part  of  its  magnetism  is  raeoverad  on 
after  to  be  published.  cooling. 

/46.)  Heat  also  appears  to  act  by  re-  (49.)  The  precise  nature  of  the  in> 
moving  the  obstructions  to  the  trans-  fltience  which  heat  has  upon  magnetism 
mission  of  masfnetism  which  exist  in  is  far  from  being  clearhr  understood; 
steel,  in  its  ordinary  state,  and  by  thus  and  there  appears  to  be  much  discoid- 
reducing  it  nearly  to  the  condition  of  ance  in  the  accounts  given  by  different 
soft  iron.  Acc^ordinely,  if  a  steel  bar  authors  on  this  subject.  Tms  appehrs 
be  heated,  and  {ilaced  in  circumstances  to  have  arisen  in  a  great  measure  fruiii 
favourable  to  ma^etic  induction,  if  it  a  want  of  attention  to  the  dreumstanue 
be  placed,  for  example,  in  the  immedi-  that  the  operation  of  heat  ia  of  two 
ate  vicinity  of  a  nias?net,  and  then  sud-  kinds :  for  while,  on  Ihe  one  hand,  it 
denly  cooled,  it  will  be  found,  on  its  facilitates  the  induction  of  magnetism, 
removd  from  the  ma^et,  to  have  be-  on  the  other  it  weakens  magnetic  action, 
conie  strongly  and  permanently  mag^  In  those  cases  where  the  effects  depend 
netic.  The  greatest  degree  of  magnetism  upon  the  readiness  with  which  a  pieos 
is  produced  b^  heatins?  the  steel  to  red-  of  iron  receives  magnetism  by  indu£oiii! 
ness,  and,  while  it  is  under  the  influence  heat  will  favour  this  process ;  thus,  sot 
of  a  strong  magnet,  quenching  it  sud-  iron  is  more  disposedto  be  attracted  by 
denly  with  cold  water.  a  maCTet  when  hot  than   when  coli 

(47.)  It  will  readily   be   understood  provided  the  heat  be  not  excesdve.  Bd 

that  since  the  magnetism  of  a  steel  bar  in  as  far  as  relates  to  permanent  nmt^ 

remains  permanent,  only   because  the  netism,  the  action  of  heat  is  to  imour 

peculiar  texture  of  the  steel  presents  or  destroy  it ;  so  that  sted,  when  hed^ 

an  msui>erable  obstacle  to  its  resuming  is   less  capable  of  retaining  its  dom 

its  natural  state  of  uniform  distribution,  than  it   is  when  cokl.     Tfis  happeoi 

dl  the  causes  which  diminish  this  ob-  in    consequence  of  its  bdnir  broustt 

structing  force,  will  give  occasion  to  the  nearer  to  the  condition  of  wSt  ntmbr 

esc«pe  of  portions  of  this  imprisoned  the  sepamtion  of  its  partidea.    Bv  raS 

magnetism,  and  will  make  the  bar  ap-  ing  the  temperature  suflBciently  huh.  to 

f  roach  nearer  to  a  neutrd  condition,  a  red  heat  for  instance,  tlie  whokoT  its 

n  other  words,  its  mai^metism  will  be  pernuinent  magndism  ia  at  one*  de- 
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Atroyecl,  thou&:h  it  will  still  be  auscep-  of  all  magnetic  power  frorfi  cold,  while 

tible,  while  in  that  state,  of  receiving  tern-  he  was  navigating  among  the  ice  in 

porary  magnetism  by  induction,    and  Hudson's  Bay  ;  but  recovered  its  power 

therefore  oi  being  attracted  by  another  when  brought  into  the  catkin  and  warmed 

magnet.  by  the  fire :  and  that  this  repeatedly  oc- 

(dC.)  The  direct  tendency  of  heat  to  curred.  There  can  be  no  doubt  that 
diminish  magnetic  power  must  also  be  this  must  have  been  owing  to  some  other 
taken  into  account  in  our  estimate  of  cause  than  the  one  he  assigned, 
the  preceding  phenomena.  It  not  only  With  a  certain  increment  of  tem- 
promotes  the  destruction  of  permanent  perature,  the  decrement  of  intensity  is 
magnetism,  but  diminishes  likewise  the  not  constant  at  all  temperatures,  but 
effects  of  that  which  is  of  a  tempo-  increases  as  the  temperature  increases, 
rary  nature.  The  degree  in  which  heat  From  a  temperature  of  about  80°  the 
poi^sses  this  direct  influence,  can  be  intensity  decreases  very  rapidly  as  the 
estimated  only  under  circumstances  in  temi)erature  increases,  and  lieyond  the 
which  no  permanent  change  has  been  temperature  of  100°,  a  portion  of  the 
produced  in  the  magnetism  of  a  bar  power  of  the  magnet  is  permanently  de- 
subjected   to  the  change  of  tempera-  stroyed. 

ture;  that  is,  provided  we  find  on  the  (52.)  The  effects  produced  on  unmag- 

return  of  the  bar  to  its  former  tempera-  netized  iron,  by  changes  of  temperature, 

ture,  that  it  has  retained  all  thepower  it  were  observed  by  Mr.  Christie  to  be 

had  l>efore  the  experiment.    The  limit  directly  the  reverse  of  those  produced  on 

beyond  which  no  proper  distinction  can  a  magnet ;  an  increase  of  temperature 

Im*  accurately  drawn  between  the  effects  causing  an  increase  in    the  magnetic 

of  this  twofold  operation  of  heat,  ap-  power  of  the  iron,  the  limits  l)etween 

pears,  according  to  the  experiments  of  which,  he  observed  to  be  50°  and  100°. 

Mr.  Christie,  to  be  below  lOOOofFah-  This  is  in  perfect  conformity  with  the 

renheit.    From  this  temperature  down-  views  we  have  above  explained,  of  the 

wards  the  power  of  a  magnet  increases  nature  of  the  operation  of  heat  with  re- 

as  it  becomes  cold<^r ;  and  this  augmen-  gard  to  magnetisnL 

tation  proceeds  as  far  as  the  lowest  (53.)  Althousfh  the  direct  tendency  of 

temperature  that  has  been  tried.  heat  to  diminish  magnetic  power  may,  in 

(51.)  The  following  are  the  results  of  a  red  hot  bar,  be  not  sufficient  to  prevent 

an  extensive  series  of  experiments  upon  its  receiving    induced  magnetism,   vet 

this   subject  made  by   Mr.  Christie*,  when  the  temperature  is  still  further 

Commencing  with    a  temperature   of  raised,  even  this  capabilitv  is  destroyed ; 

—3°  of  Fahrenheit,  up  to  one  of  127°,  and  accordingly  we  find  that,  at  a  white 

the  intensity  of   magnetic  power  de-  heat,  iron  appears  to  be  totally  insuscep- 

creased  as  the  temperature  of  the  mag-  tib!e  of  any  magnetic  action.    There  are 

nets  increased.'   From  an  experiment  still,  however,  some  curious  anomalies 

he  made  at  the  Royal   Institution,  in  occurring  in  the  magnetic  action  of  iron 

conjunction  vrith  Mr.  Faraday,  in  which  at  these  very  high  temperatures,  of  which 

a  small  magnet,  enveloped  in  lint,  well  further  investigation  alone  can  furnish 

moistened  with    sulphuret  of   carbon,  the  explanation. 

was  placed  on  the  edges  of  a  basin  con-  (54.)  In  the  account  we  have  now 

taining  sulphuric  acid,  under  the  re-  given  of  the  properties  of  iron  and  of 

ceiver  of  an  air-pump,  he  found  that  the  steel,  with  regard  to  their  capabilities  of 

intensity  of  the  magnet  increased  to  the  acquiring  and  of  retaining  magnetism, 

lowest  point  to  which  the  temperature  we  have  all  along  referred  to  those  of 

could  be  reduced,  and  that  the  intensity  pure  metallic  iron  in  its  softest  and  most 

decreased  on  the  admission  of  air  into  ductile  state,  and  to  those  of  .steel  which 

the  receiver,  and  consequent  increase  has  been  brought  to  its  greatest  degree 

of  temperature.    This,   he  observes,  it  of  hardness  by  immersion  in  cold  water 

in    direct  contradiction   to  the  notion  after  being  heated  ;  for  it  is  in  th'«se  two 

which  has  been  entertained  of  intense  states  that  they  exhibit  the  .strongest 

cold  destroying  the  magnetism  of  the  contrast  in  these  respects.    We  often, 

neetile.     Captain   Middteton    had    an-  however,  meet  with  this  metal  in  states 

tiouncedt  his  having  frequently  observed  possessing  intermediate  degrees  of  the 

that  a  compass  appeared  to  be  deprived  above  qualities ;  that  is,  acquiring  mag-* 

netism  with  less  facility  than  soft  iron. 


.  PhUoM^phieid  T«n«ctioM  for  1825.  p.  62.        ?"^*  retaining  less  of  it  than  hard  ateitU 
^  FluitMophiciaTnuw  for  1730,  voL  kI.  p.  310.      It  may  be  laid  dowu  as^  «.g^x^xf\\praV^- 
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•ItioD,  liibk  howeter  to  tome  enep-  foMm  Unm  ih»i  mai  mm  j^  Mm 

tbiit,  thit  the  power  of  retaimng  miff-  Ibaad  to  aeqiiire  m  modi  nlglMr  inlm- 

Mtiun  in  an?  specimciisof  iron  or  eleM,  litj  of  magMlio  powvr  thui  it  woold 

li  in  proportion  to  its  hardness.  have  raoehred  witbout  nuh  pinniMMnn 

(56.)  But  some  of  the  combinations  Nor  is  the  whole  of  this  power  lost  m 

of  iron  with  other  substances  affect  its  the  remoral  of  the  indnetmg  eanae;  a 

capacity  formagnetism,  independently  of  part  is  retained  by  the  iroii,  the  iaftw- 

the  hardness  of  the  compound.  A  sUfcht  nal  atruetnra  of  which  appeiura  to  have 

dq^  of  oxidation  pervading  the  mass  mideigona  soma  alteratioB  faj  the  po^ 

of  iron  appears  to  increase  its  power  of  eussioBc 

retaining  magnetism ;  hut  agrester  de-  Aa  connected  with  thia  apd^iaet,  we 

me  renders  it  totall^  insusceptiUe  of  may  notice  the  fbDowjag  omioua  obsjr 

being  afBscted  by  the  magnet  or  of  vation  of  the  aaaa  e^perimentalirt^. 

possessing    any   magnetic     properties  Ban  which  had  ben  atwpgly  magna- 

whatsoever.     Combinations  with  phos-  tiied,  and   bad  thnr  magnenama  da- 

phorus,  with  arsenic,  or  with  tin,  were  atroyed  or  nentiiMiBil,  eiltar  by  haa- 

Ibund  by  Mr.  Gky  Lusaao  to  produce  mermg,  heating,  or  by  the  ajmwltaneoai 

compounds  somewhat  resembling  those  contact  of  the  twopolaa  of  aaottiar  mif- 

of  eiurburet  of  iron  or  steel  in  their  car  net  placed  traasvcraaly,  ware  ahn^t 

pabilitv  of  retaining  magnetism.    Every  foana  bf  hhn  to  have  a  nmdi  graate 

ifahif^  depends,  however,  iqxm  the  pro-  boilitjFforrecnviagpolanlgriBfhaaaiM 

portions  in  which  these  several  sub*  direction  as  before,  loan  in  tha  oontniy 

atanees  are  united  with  the  iron;  for  if  direction.   Henca^  it manQy happaMd 

they   exceed  a  certain  quantity^  thqr  in  hie  eiqperimentik  that  ooa  blow  wM 

totally  incapacitate  the  compound  from  the  origmal  nnih  end  duwnwaidt  no* 

acquiring  any  magnetic  properties.  duced  aa  much  affiBct  aa  two  or  tMsa 

<56.)  It  is  only  Uie  finest  and  purest  blows  did  with  the  original  aonlli  md 

aoft  iron,  free  from  all  knots  and  veins,  downwards.    He  alao  obaana^lhatfts 

that  returns  to  the  state  of  perfect  neu-  polarity  of  jMkarf,  gnerally  aomaadte 

trality  after  it  is  removed  ih>m  all  <atnir  be  permanent,  and  oonaidaafala  m  lito- 

neous  magnetic  influence.    Iron  b  sel-  aity»waa  rather  tranaient  and  viak;  m^ 

dom  found  in  this  perfectly  pure  state ;  in  no  instance  did  he  meet  with  a  pokar 

but  even  the  purest  iron  may  be  rendered  tlie  magnetism  of  which  he  could  not 

capable  of  permanently  retaining  mag-  destroy  by^  a  blow  or  two  with  a  hammer 

net  ism,  if  it  has  been  twisted  or  ham-  on  the  point;  and  in  gencaral,  two  hlosn, 

mered  violently.    The  slight  superficial  even  when  the  |x>ker  waa  hdd  in  the 

oxidation  it  undergoes  by  the  action  of  hand,  and  not  rested  upon  any  thii^ 

the  atmosphere,  will  also  make  it  suscep-  were  sufficient  to  invert  toe  poles. 

tible  of  some  degree  of  fixed  magnetism.  (58.)  Soft  steel  is  not  much  more  iMco- 

But  in  its  common  state,  iron  may,  on  tive  of  magnetism  than  iron  in  its  oidinaiy 

the  whole,  be  regarded  as  incapable  of  state.    It  is  only  when  hardened  that  iti 

any  long  retention   of  the  magnetism  magnetic  powers  kKcome  in  any  denes 

which  it  may  have  received  by  indue-  sensible.    Dr.  Hobison  states,  that  wbei 

tion.  steel  is  temping  to  that  degree  whiok 

(67.)  It  would  appear  from  the  ex-  fits  it  for  watch  springs,  it  may  aoquiR 
periments  of  Mr.  Scoresby*,  that  the  tex-  a  strong  magnetism,  which  it  exhibiii 
ture  ot  ail  iron,  even  the  most  malleaUe,  immediately  on  the  removal  of  the  mag- 
presents  a  certain  degree  of  resistance  to  net.  But  it  dissipates  very  rapidfy ;  and 
the  transmission  of  magnetic  power;  in  a  very  few  minutes  it  is  reduced  tt 
for  if  a  bar  of  iron  be  placed  in  curcum-  less  than  one  half  of  the  intenaity  it  BHai* 
stances  frivourabie  to  its  acquiring  mag-  fested  while  in  contact  with  the  ma^s^ 
netism  by  induction,  it  does  not  acquire  and  to  less  than  two-thiida  of  wliat  it  WM 
it  in  the  degree  of  intensitv  of  which  it  immeduOely  on  removal  firom  it  Itcoa' 
would  l)e  capable,  were  there  no  such  tinues  to  dissipate  for  some  daya,  thoegk 
internal  obstructions  to  the  transmission,  the  bar  be  kept  with  care ;  but  thedS 
If,  under  these  circumstances,  it  be  sub-  pat  ion  diminishes  fast,  and  it  x^aim^ 
jected  to  percussion,  which,  as  we  have  least  one-third  of  its  neatest  power  ftr 
seen,  favours  the  transfer  of  magnetism  anjr  length  of  tune,  unms  eaxdeadv  M 
in  obedience  to  the  attractive  and  re-  or  injudiciously  treated. 
(69.)  Steel  tempered  for  Giittinf4oflli 

•  TimoMctioos  of  ttie  Boyil  Sodctj  of  Edla- 

burgh,  VOL  is.  p.  tfS*.  •  PhUowiphlcallVaMwttOM  far  llMp»»t 
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(the  same  author  observes),  such  as  without  difficulty,  be  rendered  positively 
chisels,  punches,  and  drills  for  metal,  or  negatively  electrified ;  that  is,  it  may 
ac(}uires  magnetism  still  more  slowly  be  chanifed  with. a  redundance  of  one  or 
by  mduction,  and  receives  less  of  it  while  other  of  the  two  kinds  of  electricity ;  and 
in  contact  with  the  magnet ;  but  it  is  the  influence  or  agency,  call  it  by  what 
less  disposed  to  lose  it,  and  fiuAlly  re*  name  we  please,  that  has  l)een  gained 
tains  a  Urger  portion  of  what  it  had  ac-  by  one  body,  is  the  same  as  that  whict 
quired.  Steel  made  as  hard  as  possible  has  been  lost  by  the  other.  It  is  not  so 
is  still  longer  in  acquiring  all  the  mag-  with  magnetism.  There  is  never  any 
netism  which  simple  juxtaposition  can  transfer  of  properties,  but  only  the  ex- 
^ve  to  it.  It  acquires  less  than  the  citation  of  those  which  were  already  in- 
former; but  ultimately  retains  a  much  herent  in  the  body  operated  upon.  We 
greater  proportion.  The  loadstone,  or  always  find  in  the  same  ma^et,  that  the 
native  ore  of  iron,  resembles  very  hard  intensities  of  the  two  polarities,  althouij:h 
steel  in  these  respects ;  that  is,  in  the  each  may  occupy  different  portions  of 
time  necessary  for  its  greatest  impreg-  it,  or  be  concentrated  in  some  points, 
nation,  and  in  the  durability  of  the  ac-  and  diffused  over  others,  yet  still  on  the 
quired  magnetism.  whole  exactly  compensate  each  other. 
(60.)  We  have  seen  that  iron,  or  any  We  never  can  obtain  a  portion  of  iron 
of  its  compounds,  when  free  from  mag-  or  steel  endowed  wholly  with  either  the 
netism,  is  attracted  by  a  magnet  only  in  northern  or  the  southern  polarity.  Each 
consequence  of  the  induction  of  mas-  appears  to  be  strictly  confined  within  the 
netism  upon  it  by  the  magnet  which  l>oundary  of  the  surface  of  the  Ixxly 
attracts  it.  It  follows,  therefore,  that  which  contains  it. 
the  degree  of  susceptilnlity  to  indue-  (62.)  When  a  conductor  of  electricity, 
tion  may  be  accurately  measured  by  of  an  oblong  shape,  is  placed  near  an 
the  attraction  which  results  from  this  electrified  b^y,  but  not  sufficiently  near 
property.  With  this  view  Mr.  Barlow  to  receive  any  part  of  its  electricity,  it 
made  a  series  of  experiments  to  ascer-  becomes  electnc  by  induction,  the  two 
tain  the  relative  attraction  which  dif-  ends  of  the  body  having  opposite  electri- 
ferent  species  of  iron  and  steel  had  for  cities.  If,  under  these  circumstances, 
the  magnet ;  and  obtained  the  following  the  conductor  be  divided  across  the  mid- 
specific  results,  the  relative  magnetic  die,  and  the  two-  portions  removed  to  a 
power  of  each  substance  being  expressed  distance  from  one  another,  we  obtain  the 
by  numbers*.  two   electricities   separate ;    each  por- 

Malleable  iron 100  ^^^  retaining  the  electricity  that  had 

Soft  cast  steel 74  been  induced  upon  it.    The  condition  of 

Soft  blistered  steel . .     67  a  magnet  appears  to  be  exactly  analo- 

Soft  shear  steel 66  ^ous  to  this  m  reference  to  the  distribu- 

Hard  blistered  steel..     53  tion  of  magnetic  power;  for  the  northern 

Soft  shear  steel 53  polarity  appears  to  be  collected  in  one 

Hard  cast  steel 49  "Cdf  of  its  length,  and  the  southern  po- 

Cast-iron 48  larity  in  the  other;  and  each  of  these 

agencies  seems,  indeed,  to  be  almost 

A  1    Jim»M*,m^  entirely  concentrated  in  the  very  extre 

y  7.  rtaciure  ^^^^^  ^^  ^^^^  ^^     ^j^^  ,j^^^^  ^^^j^^ 

(61.)  We  have  hitherto  been  able  to  to  happen  conformably  with  this  analogy, 

trace  a  very  close  analogy  between  the  were  we  to  break  a  magnet  (A.y^-.  25,) 
phenomena  of  magnetism  and  electri-  p. 

city,  as  far  at  least  as  relates  to  the  law  *^*  * 

of  action,  and  the  influence  of  indue-  .p^_^^j_^^^ ,^^. 

tion ;  but  in  pursuing  it  beyond  this  poin*  *  =^Tliriirmij...Tii  > 

it  fails  us  entirely.    Electricity,  whether  :^— i^^^^ks 

positive  or  negative,  is  not  only  capable  S^^S^Bw     s^S^^SSSmSA 

of  being  excited  by  induction,  but  may 

be  actually  transferred  from  one  body  across  its  middle  ?  Misrht  we  not  expect 
to  another;  but  the  transference  of  the  by  this  means  to  obtain  the  two  polari- 
magnetic  polarities  is  a  phenomenon  ties  separate,  each  still  contained  in  the 
which  was  never,  in  a  single  instance,  same  portions  where  they  had  before  re- 
known  to  take  place.  A  body  may,  sided? 
1 (63.)  The  residt  of  thia  expenmentia 

•  miosophicai  Tmiaactioin  for  18S8,  i».  1 17.  exceedingly  curiou««  vcA  HlYoX  ^KiNa^si^c^ 
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no  previous  reasonins;  could  have  led  us  tractive  and  repulsive,  at  different  dis- 
to  anticipate.    Each  portion,  B  C,  of  the  tances.    We  shall  here  only  obsMerve  that 
fractured  masniet  is  at  once  converted  this  law  has  been  made  the  subject  of 
into  a  magnet,  perfect  in  itself;  that  is,  diligent  and  careful  inquiry  by  some  of 
each  respectively  has  a  north  pole  at  one  the  most  eminent  philosophers  of  modem 
end,  and  a  south  pole  at  the  other.  That  times  ;  and  shall  content  ourselves  with 
end  of  the  magnet  which,  previously  to  merely  stating  the  final  result  of  their 
the  fracture,  was  a  north  pole  N,  con-  labours.     It  nas  l)een  ascertained  most 
tinues  to  be  a  north  pole,  while  the  satisfactorily  that  the  same  law  of  varia- 
other  end  of  that  fragment  s,  that  is,  the  tion  obtains  in  magnetic  attractions  and 
broken  end,  becomes  a  south  pole.  The  repulsions  with  relation  to  proximity,  as 
converse  is  true  of  that  fragment  B  in  the  electrical :  namely,  that  the  in- 
which  originally  contained  the  south  pole  tensity  of  the  force  by  which  magnetic 
of  the  mat^et.    It  thus  appears  that  the  polarities  act  upon  each  other  is  inverse- 
two  fractured  surfaces  n  and  «,  are  now  ly  as  the  square  of  their  distance.      In 
converted,  the  one  into  a  north,  and  the  this  respect,  therefore,  they  agree,  not 
other  into  a  south  pole,  although  that  onlv  with  the  electrical  forces,  but  also 
part  had,  in  the  original  magnet,  been  with  that  of  gravitation ;  and  it  would 
apparently  in  a  neutral  state.  appear,  indeed,  to  l)e  a  property  com- 
(64.)    Similar    consequences     ensue  mon  to  all  forces  which  emanate  in  every 
from  the  subdivision  of  one  of  these  direction  from  a  central  agent, 
fragments  into  any  number  of  portions,  (67.)  The  variations  of  the  intenshiei 
however  great ;  each    lesser  fragment  of  magnetic  attractions  and  repulsions 
constituting  in  itself  a  complete  magnet  exerted  between  any  two  poles  depend 
furnished  with  its  two  poles.  solely  upon  the  distances  at  which  they 
(65.)   It  is  observed  by  iGpinus,  who  are  placed ;  and  are  in  no  degree  affrcted 
made  many  experiments  on  the  effects  or  interfered  with  by  the  interposition  of 
of  the  fracture  of  magnets,  and  the  ob-  other  bodies  which  are  not  Uiemselves 
servation  has  been  confirmed  by  others,  magnetic.    Numerous  experimenta  have 
that  the  neutral  point  in  each  fragment  been  made  with  a  view  of  discovering 
of  the  broken  magnet  is  at  first  much  whether    there    exists    any  sut>8tance 
nearer  to  the  place  of  their  former  union  which  can  modify  or  intercept  the  action 
than  to  their  other  ends.     He  states  that  of  magnets  when  ])laced  between  them 
in  the  space  of  a   quarter  of  an  hour  and  the  body  acted  upon  ;  but  the  result 
after  the  separation,  the  neutral  points  htus  been  uniformly  tne   same:   namely, 
advance  nearer   to   the   middle  of  each,  that  the  intervening  bodies,  of  whatever 
and  continue  to  do  so,  by  small  steps,  kind  they  were,  provided  they  were  not 
for  some  hours,   and   sometimes  days,  susceptible  of  magnetism,  occasioned  no 
and  finally   become    stationary  al  the  difference  in  the  observed  effects, 
centre.  This  Kul)iect,  however,  involves  a  ques- 
When  a  magnet  is  split  according  to  tion,  hereafter  to  be  discussed,  as  to  the 
its   length,  the  two  portions  will   have  magnetic  susceptibilities  of  substances 
sometimes  contrary,  and  sometimes  the  vvhich  are  not  of  a  ferruginous  nature, 
same  poles  as  they  had  when  they  formed  *  .,    vr.,,     ,  j  ,-        j>  rr       %, 
one  piece.     When  one  portion  is  much  *  ^'  ^^"'"^^  ^^''^"  ^/  ^"^  Afagneis. 
thinner  than  the  other,  the  slender  frag-  (fiS.)  The    general  law    of  magnetic 
ment  generally  has  its  poles  reversed*.  force  with  relation  to  distance  bein^  once 

established,   it   ber»omes   interesting  to 

Chapter  II.  follow  its  consequences  and  applications 

under  a  variety  of  circumstances.   These 

Laws  of  Magnetic  Forces,  consequences  are  always,  even  in   the 

simplest  cases,  more  complicated  than 

§  1 .  lU'lation  of  Intensity  to  Distance,  electrical    arrangements  ;     because    m 

(Or,.)  It  would  be  mconsistent  with  the  "^*^^^.^^  V^^  i^l  polarities  are  alwH>. 

elementary   views  to   ^^  hid    we  are  at  ^'^T^T'^'-  *?^.  ^^'''\  influence  is  nev.r 

present  confining  ourselves?  o  en\a^e  t  Pfl  'f  f-  ''*^^  »'f     '"  r^"^>'*"^  '^^  "»"■ 

the  investiiration   of  the   mathemHUcal  ^"''^  f^V""'  *'^*''''^"  ^^l""  ™*^^t»-  <^ 

law  which  regulates  the  var.ationTo   m  .rcnnS  ?"'  ""^"f '  '^"^  '^"  'T"^^' 

tensity  of  the  majrnetic  lorces,  both  at-     1  1^  f      ""  *f  ^J^'^''^  'J^"-  "^H  ^'' 
— __I '  always  four  |>olanties  m  activity,  the  two 

•  Derham.  Phiiowphicai  Traiisaciions.,  vol.  xxiv.     ^^^sit^'ng  in  ouc  body,  and  the  two  re- 
P-  2>**.  siding  in  the  other  ;  these  polarities  are 
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not  itnetly  confined  to  paHicuUr  points  tUrecHve  force  *.     It  results,  as  we  have 

in  the  magnet :  for  altnough  mucn  eon-  seen,  from  the  conjoined  influence  of  two 

oentrated  at  the  two  ends,  they  exist  forces,  the  one  actinsc  on  the  north,  and 

with  less  intensity  in  other  parts  of  the  the  other  on  the  south  pole,  and  is  there- 

ma^et  fore  equal  to  the  sum  of  these  forces. 

(69.)  Let  us,  however,  suppose,  for  (71.)  If  we  now  consider  what  ten- 
the  sake  of  simplification,  that  the  ma^-  dencv  the  needle  has  to  approach  to,  or 
netic  forces  emanate  solely  from  the  recede  from  the  magnet,  we  shall  find 
two  poles  at  the  extremities  of  the  mai;-  the  same  forces,  which  in  the  former  in- 
net  M,^.  26,  with  its  axis  placed  hori-  stance    conspired   together,    now    op- 

posing  each  other.    It  is,  in  the  fint 

^*  *"•              ^^^  place,  evident  that  while  the  needle  is  in 

S            M            y        --^  the  position  shewn  inflg.  26,  that  is,  at 

'r^^l^^ — IPi™ V      ^^^B  right  angles  to  the  magnet,  the  attrac- 

JLm^^^          ^^**^A  ^^^^  ^^  *^®  adjoining  north  pole  of  the 

^o^^^^^^                 ^rA^  magnet  for  the  south  pole  of  the  needle, 

^^       mi     "^^                 w,^^  jj  Iwdanced  by  its  repulsion  for  its  north 

lontally,  while  a  smaller  magnet  B  sus-  P^  J"^,^*^^  "^^«»  although  strongly 

pended  on  a  point,  or  in  othe?  words,  the  ""^^^  these  forces  to  tuni  round  its 

{leedle  of  a  mariner's    compass,  and  cen^,fias  no  tendency,  on  the  whole,  to 

which  we  shall  therefore  designate  as  ^«  ^«*"'  ^^  approach  th«  magnet. 

the  needle,  is  presented  to  it  in  the  vi-  W***"*  however,  it  arrives  at  the  posi- 

cinity  of  its  north  pole.  N.  and  with  its  ^'^."  «*^*^^"  »M^-  ^7,  its  south  pole  t 

centi  in  a  hne  willTthe  axis  of  the  mag-  being  nearer  to  K  than  its  north  pole  n. 

net.    The  north  pole  of  the  magnet  at.  he  attractive  action  is  more  powerful 

tracts  the  south  pole  of  the  neSle.  and  ^*"  ^^e  repulsion,  and  the  needle  is. 

tends  to  turn  it  in  the  direction  indicated  consequenUy  now  impelled  towards  the 

by  the  arrow  at «.     It  also  repels  the  ™W«*-    But  the  force  which  thus  im- 

north  pole  of  the  needle,  turning  it  in  the  ^^^  »^  "^"^^^  J'^^™  the  difference  only  of 

direction  indicated  by  the  arrow  at  «.  J'^  T  '"^  ^?'''''''  ^^^  ''°''  attracUve, 

Tliese.two  actions,  it  willbe  seen  both  ^t^H^rmay  c^^^^^^ 

conspire  to  give  the  needle  a  rotatory  !•'•;•    *""*^    cuiot  voiiviu««.iii»i.iiiB 

mofiSn  in  the  same  direction  with  marS  «^«»'r«  f<";«*'  **V<'*!  «»"»«*'  "^  *"* 
to  it.  centre,  and  to  bring  it  into  (he  po-  »!»P  "V""  '°"**^  "  '"  ""  «"*»  «•»'- 
.itioarepre«>n.edinthe^extfigure.(2'7.)    ^S^^^-'Ih^^hK^i:! '^^^^ 

latter  force  being  only  equal  to  the  diffe- 
rence between  the  same  forces.  The 
ratio  between  the  directive  and  attractive 
forces  will  be  increased,  either  by  di- 
minishing the  length  of  the  needle,  or 
increasing  that  of  the  magnet.  Hence 
the  polarity  of  a  small  needle  may  be 
in  which  the  south  pole  of  the  needle  is  considerable,  while  its  attraction  is  quite 
turned  directly  towards  the  north  pole  of    insensible. 

the  majHiet.  (73.)  Let  us  next  transfer  the  needle 

The  influence  of  the  south  pole,  S,  of  to  the  situation  shown  mjigs.  28  and  29, 
the  magnet  operates  in  a  manner  exactly  in  which  its  centre  is  in  a  line  diuwn 
contrary  to  that  of  its  north  pole ;  but  from  the  centre  of  the  magnet,  and  at 
being  at  a  greater  distance,  its  intensity  right  aneles  to  its  axis ;  the  needle  being 
is  less ;  and  all  that  it  can  effect  is  to  supposed,  as  in  the  former  case,  to  be  so 
subtract  ^mewhat  from  the  forces  with  balanced  as  to  turn  freely  in  a  plane 
which  the  needle  would  have  been  im-  which  passes  through  the  centre  of  the 
pelled.  if  the  north  jpole  of  the  magnet  needle,  and  both  poles  of  the  magnet, 
had  acted  alone.  1  he  general  result  as  Let  it  be  placed  in  the  position  indicated 
to  the  rotatory  motion,  is  therefore  de-  \n  Jig,  28,  with  one  of  its  i)oles  di- 
termined  by  the  predominance  of  the  rectni  towards  the  middle  of  tne  mag- 
actions  of  the  north  pole  of  the  magnet,  net.  The  directive  force  is  here  com- 
and  remains  as  before  stated.  pounded  of    four  forces:    the    attrac- 

(70.)  The  tendency  in  one  magnet  to    tions  of  N  for  t  and  of  S  for  n  ;  and 

assume  a  particular  position  with  rela- 

UoQ  to  another  magnet,  is  termed  its       •  Dr.  ammx  wprawtd  u  vn  v>>i>  \«im  ^urU(dfc»> 
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/•Y^.  29. 


Ihc  repulsions  of  N  for  w.  ami  of  S  fur  *. 
They  respectively  imiM?l  thu  polfs  //  s  of 
the  needle  in  the  directions  denoted  hy 
the  small  arrows  parallel  to  the  lines  in 
which  these  forces  act.  Those  which 
act  upon  the  remote  pule  (»f  the  needle  «, 
comjKJ.se  a  resultant  liavinir  the  direction 
of  the  u|)per  horizontal  arrow  U,  at 
rijfht  angles  to  the  length  of  the  needle, 
which  is  also  the  radius  of  its  revolution. 
Those  forces  which  act  upon  the  oppo- 
site pole  n,  compose  another  resultant 
force  in  the  opposite  dii*ect ion,  expressed 
by  the  lower  horizontal  arrow  r.  Now 
these  two  resultant  foices  having  oppo- 
site directions,  and  acting  at  the  opposite 
ends  of  the  ni-cdle  which  turns  upon  its 
centre,  conspuf  in  profhicing  a  rotation  in 
the  same  dircition  with  relaiion  to  that 
centre;  and  will  icml  to  brinu  the  needle 
into  the  i)ositioi»   shown  in  Jig.  2\i,  in 

I'ig.  29. 


which  its  direction  is  patallel  to  tl.;;t  of 
the  magnet,  but  in  which  its  poles  are 
reversed  when  compand  with  those  of 
the  magnet ;  tiuit  is,  the  north  pole  or 
the  nteJle  beiiiu  on  the  side  of  the  south 
pole  of  the  nuiufnet,  and  its  south  pole  on 
the  siile  of  the  north  pole  of  thf-magnet. 
This  relative  siUialion  has  been  called 
by  some  wnWxm^  the  8ubconlraTy  jjusi- 
iion. 

(7-J.)  Here  alsi>  it  niuy  be  lernaiked, 
that  in  consetjuenco  of  the  greater  prox- 
imity of  the  ]>oles  of  the  diil'erent  deno- 
minations, conii»are(l  with  that  of  the 
polfcs  of  the  same  name,  the  sum  of 
the  attractive    forces   exceeds    that   of 


tlie  repulsive ;  llie  ^nner  will  therefore 
prevail,  an  I  the  needle  will  have  a  ten- 
dency to  move  towards  the  niAgnet  in 
the  direction  of  the  hne  connecting  their 
centres. 

(75.)  A  similar  process  of  reasonintr, 
derived  from  the  same  principles,  will 
enable  us  to  determine  tlie  resultants 
of  the  forces  which  act  upon  the  ncKlle 
when  its  centre  is  situated  in  different 
directions  relatively  to  the  axis  of  the 
magnet :  and  consequently  what  will  l)e 
its  movements,  and  what  its  final  jkjsi- 
tion  of  equilibrium.  In  oblique  posi- 
tions, indeed,  the  process  of  investiga- 
tion becomes  more  complicated,  for  it  is 
necessary  to  take  into  consideration  the 
different  intensities  of  each  of  the  four 
forces  concerned,  with  reference  not  only 
to  the  respective  distances  of  the  poles  of 
the  needle  from  those  of  the  magnet,  Init 
also  to  their  respective  dii'ections  in  the 
plane  of  rotation. 

(76.)  If  the  plane  of  rotation,  to  which 
the  movements  of  the  needle  is  limited, 
be  one  which  does  not  pass  through  the 
poles  of  the  magnet,  the  complication  of 
the  problem  becomes  still  greater.  There 
are,  however,  thn-e  general  results  at 
which  we  may  ai  rive,  which  tend  ver}' 
much  to  simplify  the  resolution  of  c^ues- 
tions  relating  to  this  subject 

(77)  The  first  is,  that  if  we  suppose 
the  needle  to  be  at  perfect  liberty  to 
move  on  its  centre  in  all  direction'*,  the 
jjosit ion  of  equilibrium  at  which  it  \\\\\ 
arrive  by  the  conjoint  action  of  all  Ihe 
forces  which  impel  it,  will  alway>  be  si- 
tuated in  the  plane  which  includes  the 
poles  of  the  mairnet  and  the  centre  of 
the  needle.  This  j)lane  may  be  calleil. 
for  the  sake  of  distinctness,  Me  wtigTirVfr 
plane ;  anil  the  position  assumcvl  by  the 
needle  in  this  plane  may  be  called  its 
magnetic  position. 

(78.)  Secondly,  wlun  the  movements 
of  the  needle  are  limited  to  any  paiticu- 
cular  plane,  its  position  of  e(pnlil  rnun  i< 
that  which  malvcs  the  nearest  appioiich 
to  the  mairnetic  posiiion  that  \he  case 
will  admit  of.  It  will  therefore  be  situ- 
ated in  a  plane  passing:  ihrouglUht-  m;«::- 
nelic  posiiion,  and  at  right  anvjTes  to  the 
plane  of  revolution. 

(79.)  Thirdly,  if  thi' p'ane  of  revolu- 
tion be  peq)c'ndicular  to  the  niaiznetic 
p,osilion,  the  needle  v. ill  be  m  a  sl.iie  of 
equilibrium  wi:h  re^iaid  to  the  lorces 
exerted  upon  it  by  the  miurnet,  m  all 
positions.  Such  a  plane  may  be  called 
the  plane  of  neutrality.  An  exam]>}e  of 
Ibis  is  shown  inyyg'. 30,  where tiie needle. 
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ftiven  lh«  positinn  of  the  mienet  H, 
(fg-  81 J  Wid  01'  its  Iwo  poles  N  auil  S, 


tuminj;  on  a.  horizontal  &x]b  m  k  him 
•nth  Ihe  magnet,  is  limited  in  it*  motion 
to  a  vertical  plane  perpendicuUr  to  it* 
position  of  equilibrium.  In  lliii  cue  it 
will  have  no  tendency  to  assume  any  one 
posillon  in  preference  to  another,  in 
ihis  plane. 

J  3.  Magnetic  Currei. 
(80.)  In  order  atill  further  lo  ^ewra- 
liip  our  views. let  us  conceive  the  needle  to 
lwexceedinftly«h(.rt  when  compared  willi 
Ihe  lenpth  and  distance  of  tlie  magnet ; 
and  we  shall  tlien  «mve  at  still  more 
simple  conclusions  with  regard  toils  po- 
sitions of  equilibrium  in  the  magnrtic 
plane.  The  two  poles  of  tha  needle  may, 
with  regard  to  tlie  action  of  Ihe  magnet, 
be  eonsider>;d.a»  coincident ;  the  inlen- 
■iliet  of  the  actions  of  any  one  of  the 
poles  of  the  magnet  upon  them  are  so 
nearly  equal  that  their  dilTerenees  may 
be  reearded  nj  iniinitely  small.  The  at- 
traction of  the  magnet  for  Ihis  minute 
needle,  an  attraction  which,  as  we  have 
seen,  depends  uoon  Iheir  difFerence, 
must  accordingly  be  inappreciKble.  But 
the  directive  force,  on  the  contrary,  de- 
pending on  the  sum  of  these  actions, 
must  be  very  eCTective }  and  it  is  to  tlie 
operalions  of  the  latter  of  these  forces 
only  that  we  need  direct  our  inquiries. 
(81.)  TheproblemtobesoWediKlhii: 


and  also  the  place  o(  thecentr«  G  of  the 
needle,  which  is  supposed  to  best  liberty  lo 
revolve  only  in  the  mBgnelicpIane.toflnd 
the  direction  C  T,  at  which  the  rotatory 
force  resulting  from  the  action  of  the 
north  pole  N  of  the  magnet  on  the  two 
poles  of  the  needle  in  the  direction  C  N, 
exactly  balances  that  resulting  from  the 
action  of  Ihe  south  pole  S  uf  the  magnet 
on  these  poles,  in  Ihedirection  C  S,  each 
force  having  an  intensity  reciprocally 
proportional  lo  the  squares  of  these  re- 
spective lines. 

It  may  be  mathematically  demoD> 
strated  •  that  it  such  be  the  law  of  ths 
magnetic  forces,  Ihe  direction  of  the 
needle  is  Ihat  of  the  tangent  of  a  pecu- 
liar curve  of  an  oval  shape,  vehich 
has  been  denciminated  the  magnelie 
curve.  Every  magnet  having  two  poles 
N  and  S  (Jig.  3-.i)Ti»a  a  system  '' 
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netic  curves  related  to  the  line  joining 
these  poles,  and  which  may  be  called  iU 
axis.  The  general  form  and  disposition  of 
these  curves,  according  to  their  different 
distances  from  the  magnet,  is  shown  in 
the  figure. 

(82.)  The  masmetic  curves  have  the 
following  remarkable  property  ;  namely, 
that  the  difference  of  the  cosines  of  the 
angles,  which  lines,  drawn  from  any 
point  in  the  curve  to  the  two  poles, 
make  with  the  axis,  taken  on  the  same 
side,  is  constant.  Thus,  in  the  curve 
sec  C  N,  Jig.  33,  the  sum  of  the 


cosines  of  the  angles  C  N  X  and  CSX, 
is  equal  to  the  sum  of  the  cosines  of  the 
angles  C  N  X  and  C  S  X.  When,  how- 
ever, the  angle  C"  S  X  exceeds  a  right 
angle,  its  cosine  being  negative,  it  will 
be  the  sum  (instead  of  the  difference) 
of  the  cosines  of  the  polar  an&fles 
C"  N  S,  C"  S  N.  that  is  constant.  When 
the  angle  C"  N  X  is  also  obtuse,  both 
the  cosines  being  negative,  it  is  again 
their  difference  that  is  constant. 

(83.)  If  two  radii  of  equal  length,  N  «, 
S  s,/ig.34,  be  made  to  revolve  in  the  same 

Fig.  34. 


N  and  S,  while  their  other  extremities, 
n  and  t,  are  kept  continually  in  such  a 
relative  position  as  that  a  line  drawn 
through  them  shall  always  be  perpen- 
dicular to  the  axis  N  X,  then  tne  line* 
constituted  Iw  the  successive  points  of 
intersection  C,  C  of  the  radii,  will  be 
a  magnetic  curve  *. 

(84.)  The  most  expeditious  method 
of  delineating  a  great  number  of  mag- 
netic curves  related  to  the  same  base, 
in  order  to  obtain  a  general  view  of  the 
entire  system  of  these  curves,  is  to  de- 
scribe from  each  pole,  N,  S  (Jj^.  35),  as 
a  centre,  the  equal  circles  or  semi-circles, 
A  A,  B  B,  with  as  large  a  radius  as  the 
paper  will  conveniently  admit  of;  and, 
dividing  the  axis,  produced  till  it  meets 
both  circles,  into  any  number  of  equal 
parts,  to  mark  off,  on  the  circumferences 
of  both  the  circles,  the  points  where  they 
are  cut  by  perpendiculars  from  these 
points  of  division ;  then,  drawing  radii 
from  the  centre  of  each  circle  to  the 
divisions  of  its  respective  circumferenee, 
the  mutual  ihtersections  of  these  radii 
will  form  different  series  of  points  indi- 
cating the  course  of  the  magnetic  curves 
which  pass  through  them.  In  the  pre- 
sent case  these  curves  are  compoaed  of 
a  succession  of  diagonals  of  the  loienge- 
shaped  interstices  formed  by  the  inter- 
secting radii,  as  is  shown  in  the  upper 
half  oijiff.  35. 

(86.)  The  forms  and  disposition  of 
these  curves  are  elegantly  illustrated  by 
the  lines  in  which  iron-filings  arrange 
themselves  when  acted  upon  by  a  power- 
ful magnet.  In  order  to  exhibit  them, 
we  need  only  place  a  sheet  of  paper  or 
pasteboard  immediately  over  a  straic^ht 
magnehc  bar  laid  flat  upon  a  table,  and 
scatter  lightly  some  very  fine  iron-fHinsts 
over  the  pasteboard ;  which  is  best  done 
by  shaking  them  throui^h  a  gauze  bag. 
If  we  then  tap  gently  upon  the  pap^r, 
so  as  to  throw  them  into  a  slight  agita- 
tion, they  will  arrani^  themselves  with 
great  regularity  in  lines,  which  exactly 
follow  the  course  of  the  magnetic  curves, 
extending  from  one  pole  of  the  magnet 
to  the  other.  These  minute  fragments 
of  iron,  being  rendered  ma^etic  by  in- 
duction, have  their  dissimilar  pdes 
fronting  eaeh  other,  and  therefore  at- 
tract one  another,  and  adhere  together 


direction  round  their  respective  centres    ZTurZ^ltl^JlT^^^SZt^ 


*  The  aathor  of  thit  TreaUie  hM  conttruetMi  • 
■ystem  of  ruler*  by  which  magnetic  corres  may  bt 
mechanically  dflineated,  founded  on  ch«  principle 
stated  in  the  text  The  deMriptlon  of  this  inttra- 
ment  Ib  conuined  In  the  paper  above  refcnvd  to  ia 


^ 


in  Ihe  direclinn  of  Iheir  polarities,  which 
it  that  of  the  tangent  lo  the  magnetic 
curve :  Ihui  affording  a  beautiful  ocular 
exemplificatioa  of  the  mathematical  pro- 
perltei  of  these  curreii. 

(86.)  By  continuing  to  tap  upon  the 
paper,  the  filing  arrange  themwlvei  still 
more  visibly  into  separate  lines;  but 
here  a  curioun,  and  perhaps  unlocked  for 
phenomenon  presents  itself.  The  lines 
graxlaally  move  and  recede  from  Ihe 
maccet,  app<«rine  as  if  they  were  re- 
pelled, instead  of  attracted,  as  theory 
would  lead  us  to  expect.  This  arises 
from  Ihe  circumstance  that  each  particle 
of  iron,  or  cluster  oT  particles,  is  thrown 
Dp  into  the  air  by  Ihe  shaking  of  the 

Sper,  and,  while  unsupported,  imme- 
Ltely  turns  on  its  centre,  and  acquires 
a  position  more  or  len  oblique  to  Ihe 
plane  of  the  paper.  This  is  shown  in 
Jig.  3G,  in  which  M  represents  a  section 

Fig.  36. 


of  the  magnet,  P  F  a  seclion  of  Ih'^ 
paper,  and  //  the  position  of  the  fila' 
menli  of  iron  thrown  up  into  the  air> 
The  end  of  each  filament  nearest  to  the 
magnet  is  thus  turned  a  little  down- 
wards, and  the  filament  falls  upon  tha 
paper  at  a  point  a  Utile  more  distant 
than  that  which  it  before  occupied ;  and 
thus,  step  by  step,  it  moves  fuHher  and 
further  from  the  magnet,  till  it  reacbei 


beinK  beneath  the  paper,  is  held  above 
it,  the  effect  is  just  the  revene.  In 
this  latter  case,  the  lower  ends  of  the 
filaments  having  a  tendency  to  turn 
towards  the  magnet,  Ihe  filings  CTadually 
collect  under  it,  when  made  to  oance  by 
the  vibrations  of  the  paper,  instead  of 
falling  outwards  as  they  did  before. 
HiU  will  be  rendered  apparent  by  fig. 
37,  where  the  letters  indicate  the  same 
oljects  a.1  in  the  preceding  figura. 
Pig.  37. 
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(89.)  Magnetic  cnrveii  of  k  different  Jar.     For  this  purpose  tbey  mat  In 

kind  an   constituted   by  the   balano:^  lalcen   in  b  different  order  of  ansng*- 

actions   of  two  poles  of  the  lame   di;-  ment,atidfollowBdinthelineiottheo!h«r 

nomination  placed  near  to  each  other.  disKunaJsof  theloienj^shapedintemli 

When,  for  instanci',  a  second  north  pole  between  the  intersectmK  radii ;   that  u, 

N' (^.3S)  is  "ulistiluled,  instead  o{  the  of  (be  diagonals  which  cross  those  eon- 

Muth  pole  8.  both  poles  will  act  in  a  itilulintt  the  curves  in  the  former  case, 

■itnilar  manner,  and  in  directions  not  as  is  shown  in  the  lower  half  of  J^.  34. 


Teiy  different. 


i^.  as. 


former  or  eonvergmtl  ones,  are  (Mt- 

neated  in^.  39 ;  and  may,  in  like  nan- 

%.39. 


In  order  lo  render  the  conditions  of 
this  case  as  simple  as  those  of  Ihe  last, 
we  must  snp[>ose  that  the  aclion  of  the 
Bonth  poles  belonging  to  the  two  north 
poles  N,  N',  whose  action  we  are  ex- 
amining, is,  from  their  remoteness,  too 
feeble  to  influence  the  results.  In  the 
former  case,  where  the  actions  of  the 
two  poles  were  ofa  contrary  kind,  Ihe 
resultant  of  their  joint  action,  or  the  line 
CT(yf4r-3l]  passed  in  a  direction  in- 
termediate t)«t«een  N  C  prulonged  mid 
CS,  and  therefore  cut  the  axis  N  X 
at  some  point  in  llii:  |iriilonKatiuu  of 
NS.  But  in  the  present  case,  Ihu  two 
ma^elic  poles  l>eing  of  the  same  kind, 
their  action  is  similar,  and  theirre^ultant 
is  a  force  of  which  the  direction  is  inler- 
meiliate  to  the  lines  C  N  and  C  S  :  and 
Ibis  line  produced  mnsl  cut  the  axis 
somewhere  between  N  and  N'.  In  coii- 
sec^uence  of  this  change  of  position, 
which  produces  a  chiinge  in  the  sign  of 
the  cosine  of  (lie  an^le  CST,  which  is 
now  C  N'T,  tlierelatioiiijf  ihecosinesof 
the  polar  an^'les  is  as  follows ;  namely, 
thai  the  Slim  (and  not,  as  before.  Ihe 
difference)  of  the  cosines  of  the  angles 
which  lines,  drawn  from  any  poiof  in 
the  curve  to  Hie  two  poles,  make  with  the 
axis,  taken  on  the  same  side,  is  constant. 
This  applies  to  the  case  in  which  the 
angle  formed  by  C  N'  with  the  pro- 
duced axis  is  acute,  and  its  cosine  posi- 
tive. When  it  is  ohtusi;  (or  CN'N 
Acute),  thr  cosine  becoming  negative,  it 
is  their  difference  which  is  constant. 

(89.)  The  iiilerseclions  of  the  radii. 
drawn  according  to  the  method  above 
described.  6  82,  will  also  point  oul  the 
course  of  those  curves  which  belong  to 
tlu-  viun  where  tlie  actiiiK\)oVesaie»«n\- 


ner,  be  exhibited  bj  the  anrnngements 
of  iron- filings  round  two  simDaT  poles. 

(90.)  When  the  actiani  of  the  Coiu- 
poles  of  t«'o  magnets  are  taken  into  ac- 
count, Ihemnenetn:  curves  expressive  of 
the  direction  of  a  needle  influenced  t>y 
them,  become,  of  course,  much  more 
complicated, 

ChaptskIII. 
Tfrreilriai  Magnetitm. 
f  1.  Fariaiion  oftlu  Cotnpat*. 
(91.)  It  has  t-een  already  stated  (f  6). 
that  if  a  magnetic  bar  be  poised  on  its 
cenlreaoasto  move  frrety  m  B  horiton- 
lai  plane,  and  if  no  ferruginous  Iwdy  be 
sufficiently  near  to  affect  it  sensibly,  it 
will  assume,  when  left  al  hberty,  a  di- 
rection nearly  north  and  south.  '  When 
dislurbed  from  this  situation,  it  returns, 
after  several  oscillations,  tu  the  same 
lH)5iiion.  On  this  proiwrty  is  founded 
the  mariners  compass,  which  is  of  such 
essential  use  in  navigation.  In  movmg 
horii  ml hIIv  towards  the  position  uhidi 
it  thus  tenas  to  assume,  the  needle  oftbc 
compass  is  said  to  tnioert«. 

(9':i.)  It  isfoundlhat  in  Ihiscounlry. 
as  well  as  throughout  Emijpe,  the  north 
pole  of  the  compass  deviates  a  certain  , 
number  of  degrers  to  the  wertwanl  tt 
the  exact  northern  direction.  This  de- 
vialion  from  Ihe  Irue  geographical  me- 
rtdiau   has    been   called  the   i 
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(fec/tito/fon;  but  it  18  more  osuallv  known  lines  of  no  variation  bs  com()Osin£r  a 

by  the  term  Variatian  of  the  UompasM.  single  hand«  we  may  then  consider  the 

The  vertical  plane  which  passes  through  globe  as  divided  by  this  and  the  corre- 

ihe  direction  of  the  horizontal  needle  at  sponding  American  line  into  two  hemi- 

any  particular  place  is  termed  the  mag-  spheres.     In  that    hemisphere    which 

netfc  meridian  of  that  place,  in  contra  comprehends  Europe,  Africa,  and  the 

distinction  to  the  geographical  or  true  western  parts  of  Asm,  toother  with  the 

fTim^tofi,  which  is  a  vertical  plane  pass-  greater  portion  of  the  Atlantic,  the  va- 

ing  through  the  poles  of  the  earth.  riation  is  to  the  west.      In  the  oppo- 

(93.)  There  are  but  few  places  on  the  site  hemisphere,  which  comprises  nearly 

earth  where  the  compass  points  directly  the  whole  of  the  American  continents, 

to  the  poles;  that  is,  where  it  exhibits  both  North  and  South,  and  the  entire 

no  variation.     As  far  as  observation  Pacific  Ocean,   together  witli  a  certain 

has  extended,  these  places  are  situated  portion  of  Eastern  Asia,  the  variation  is 

in  a  line  which  encompasses  the  globe,  to  the  east. 

and  is  called  the  line  of  no  variaiiun.  ^  .  -^  •  mr  ., 
In  many  of  its  portions  it  appears  to  }2.  Dtp  of  the  Magnetic  Needle. 
form  part  of  a  great  circle  of  the  sphere,  (95.)  But  in  order  to  arrive  at  a 
but  in  others  it  deviates  much  from  re-  knowledge  of  the  real  influence  which 
gularity,  presenting  many  flexures  in  its  the*  earth  exerts  on  a  magnetic  needle,  it 
course.  It  may  be  considered  as  com-  is  not  sufficient  to  ascertain  the  position 
menciiig  from  a  ijoint  which  may  he  it  assume s  when  its  movements  are  con- 
designated  as  the  principal  arctic  mag-  fined  to  aiiorizontal  plane,  as  it  is  in  the 
netic  pole  of  the  earth,  and  the  exact  mariner's  compass  of  the  ordinary  con- 
situation  of  which  is  not  vet  perfectly  struction:  we  must  place  it  in  such  cir- 
ascertained,  although  the  late  voyages  cumstances  as  will  allow  it  to  move 
of  discovery  in  these  regions  have  en-  freely  in  a  vertical  plane  also.  But  to 
abled  us  to  form  a  tolerable  approxima-  effect  this  in  an  unexceptionable  man- 
tion  to  the  precise  spot,  which  appears  ner  is  extremely  diflScult.  The  great  ob- 
to  be  a  point  somewhere  to  the  west-  stacle  with  which  we  have  to  contend  is 
ward  of  Baffin's  Bay.  After  crossing  the  force  of  gravity,  which  by  acting  in 
the  United  States  of  North  America  it  one  direction,  interferes  with  the  opera- 
passes  along  a  tract  of  the  Atlantic,  a  tionoffhe  force  of  terrestrial  magnetism, 
little  to  the  eastward  of  the  windward  which  acts  in  a  different  and  in  an  ob- 
West  India  Islands,  till  it  touches  the  lique  direction. 

north-eastern  point  of  the  South  Ame-       (96.)  The  readiest  mode  of  removing  1  he 

rican  continent.     Thence  it    stretches  influenceof  gravity,  is  to  affix  a  steel  nee- 

across  the  Southern  Atlantic  towards  die  to  a  cork,  or  other  buoyant  substance, 

tlie   south  pole,  where   navigators  are  and  to  immerse  it  in  water,  adjusting  the 

unable  to  follow  it.    It  re-appears  in  the  specific  gravity  of  the  two  bodies,  so  that 

eastern  hemisphere  to  the  south  of  Van  they  may  remain  suspended  in  the  middle 

Dieman's  Land,  and  passing  across  the  of  the  fluid  without  any  tendency  either 

western  part  of  the  Australian  continent,  to  float  or  to  sink  ;  taking  care  at  the 

is  a^ain  found  in  the  Indian  Archipe-  same  time  that  the  centre  of  gravity  of 

lago.     Here,  according  to  Biot,  it  di-  the  whole  coincides  with  the  centre  of 

vides  into  two  branches,  one  of  which  its  figure,  so  that,  when  the  needle  is 

crosses  the  Indian  Sea  and  enters  Asia  unmagnetic,  and  united  to  the  cork,  the 

at  Cape  Comorin;  it  then  traverses  H  in-  two  tq^her,  placed  in  any  position  in 

dostan  and  Persia,  and  passing  through  the  fluid,  shall  have  no  tendency  to  take 

the  western  part  of  Siberia  stretches  over  any  other  position.     If  the  needle  be 

to  Lapland  and  the  Northein  Sea.   The  now  rendered  magnetic,  and  replaced  as 

second  branch  pursuing  a  more  directly  before,  it  is  found  to  assume  a  position 

northern  course,  traverses  China  and  nearly  vertical,  that  is,  making  an  angle 

Chinese  Tartary,  and  makes  its  exit  from  with  the  plumb  line  of  about  20  degrees, 

Asia  in  the  eastern  division  of  Siberia,  the  north  pole  of  the  needle  being  turned 

where  we  again  lose  it  in  the  Arctic  seas,  about  ^5  degrees  to  the  westward  of  the 

Between  these  there  must  exist  an  inter-  true  north.    Its  deviation  from  the  plane 

mediate  line  of  no   variation  in   some  of  the  meridian  is  equal  to  the  variation 

part  of  the  continent  of  Asia;  but  the  of  the  horizontal  needle.    Its  inclination 

observations  we  possess  regarding  it  are,  to  the  horizontal  pian^,  or  70°,  is  called 

AS  yet,  too  imperfect  to  admit  of  any  the  dip.    But  this  method,  though  w«\k 

attempt  to  trace  it  correctly.  fitted  for  illustrating^ VV\^  %«wsw\S»k\j^xv^ 

CJ4.)    If  we  consider  these   Asiatic  the  piinc'ipVe  on  y.'Yuc\\  xV  ^'c^^xw^'*,  v* 'cvk^. 
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adapted    for     accurate    measurement,  ^neral  rule,  to  whtch,  however,  then 

For  this  purpose'  we  must  have  recourse  are  many  exceptions*  the  dip  ;dhiiiiiithct 

to  other  contrivances.  as  we  approach  the  equator,-  and  ib^ 

(97.)  The  mafirnetic  force  may,  by  the  creases  as  we  recede  from  it  on  either 
ordinary  dynamic  method  of  the  resolii-  side.  Towards  the  polar  regions  it  is 
tion  of  forces,  be  resolved  into  two  very  ^at,  and  as  we  coine  near  to  the 
forces,  the  oneactinc:  vertically,  the  other  poles,  it  approaches  to  a  right  angle.  At 
horizontally.  The  latter  of  these  forces,  the  magnetic  poles  themselves,  the 
namely,  ihe  horizontal  force,  is  the  only  dipping  needle  would,  of  course,  be  ex- 
one  with  the  action  of  which  gravitation  actly  perpendicular  to  the  horizon, 
does  not  interfere ;  and  accordlnf^ly,  the  Those  places  on  the  earth  where  the 
mariner*s  compass  indicates  by  its  mo-  needle  is  perfectly  horizontal,  that  is, 
tions.  the  effects  of  this  part  of  theter-  where  there  is  no  dip,  are  in  a  line  that 
restrial  magnetic  force,  and  this  only,  encircles  the  ^lobe,  and  is  termed  the 
In  order  to  ascertain  the  vertical  force,  magnetic  equator. 
we  must  proceed  in  a  different  manner.  (99.)  As  the  magnetic  poles  arc  not 
The  needle  must  be  furnished  with  an  situated  exactly  at  the  poles  of  the  earth's 
axis,  at  right  angles  to  its  length,  and  rotation,  but  at  some  little  dUtance  from 
adjusted  very  carefully,  so  that  it  may  them ;  so,  the  magnetic  equator  does 
pass  as  exactly  as  possible  through  its  not  coincide  with  that  of  the  earth ; 
centre  of  gravity.  This,  of  course,  can  though  it  does  not  in  any  part  deviate 
only  be  done  when  the  needle  is  wholly  wide^  from  it.  In  a  general  way  we 
free  from  maimetism,  and  secured,  in  the  mav  consider  it  as  a  great  circle  of  the 
manner  hereafter  to  be  pointed  out,  from  globe  inclined  to  the  terrestrial  equator 
all  mas:netic  influence  which  the  earth  at  an  angle  of  about  12  degrees;  its  in- 
might  exert  upon  it.  The  axes  should  be  tersections  with  it  being  situated  at  the 
supported  horizontally  in  such  a  man-  longitudes  113°  14'  west,  and  €6^46' 
ner  as  to  allow  the  needle  complete  free-  east  from  the  meridian  of  Greenwich, 
dom  of  motion  in  a  vertical  plane.  The  Such,  at  least,  is  the  result  given  by  all 
needle  being  thus  balanced,  will  have  no  the  observations  made  for  an  extent  of 
tendency  to  incline  to  one  side  rather  more  than  one  half  of  its  circuit,  in  the 
than  to  another,  and  will  remain  at  rest  Atlantic  and  Indian  Oceans,  and  that 
in  any  position  in  winch  it  raay^happen  part  of  the  Pacific  which  is  nearest  to 
to  be  left,  as  long  as  no  extraneous  force  the  South  American  continent,  as  ap- 
is applied  to  it.  When  this  has  been  pears  from  a  table  of  these  observations 
accomplished,  the  needle  is  to  be  mag-  given  by  Biot*.  But  a  remarkable  ano- 
netized,  by  the  methods  hereafter  to  l)e  maly  is  met  with  when  we  trace  the 
described,  as  strongly  as  possible. and  it  course  of. the  magnetic  eauator  across 
is  then  to  be  replaced  on  its  supports,  the  Pacific  Ocean.  This  line  is  found 
which  are  to  be  turned  so  that  the  plane  in  the  southern  hemisphere  in  the 
in  which  the  needle  is  allowed  to  move,  American  continent,  and  joins  the  equa- 
may  coincide  with  that  of  the  magnetic  tor  as  before-mentioned,  at  a  longitude 
meridian.  It  will  l>e  found  that,  in  this  of  about  113°;  but  still  further  to  the 
situation,  the  end  of  the  needle  to  which  westward,  at  longitude  156°  3&  it  is 
a  northern  polarity  has  been  imparted,  again  met  with  at  a  distance  from  the 
will  preponderate,  or  dip,  as  it  is  called,  equator  and  to  the  south  of  it.  In  the 
and  after  a  certain  number  of  oscilla-  Seaof  China  at  116°  east  longitude,  it  is 
tions,  will  settle  at  a  determinate  point,  found  to  the  north  of  the  equator. 
The  line  which  its  axis  assumes  under  which  it  must  therefore  have  crossed  at 
these  circumstances,  is  termed  the  mag'  some  intermediate  point ;  and  it  is  again 
netical  direction,  or  position.  The  dip  of  inflected  towards  tne  south,  so  as  to  trt- 
t  he  need  lew  as  first  observed  by  Norman,  verse  the  equator  at  the  eastern  node 

(98.)  The  inclination  of  the  needle,  or  already  mentioned. 
dip,  like  the  variation,  differs  in  ditier-        It  appears,  therefore,  from  these  ob- 

ent  parts  of  the  globe.    The  latest  accu  servations,  that  there  are  at  least  thite 

rate  observation  of  the  dip  in  London,  pointsinthe  terrestrial  equator  where  the 

of  which  we  have  any  record,  is  that  of  mag:netic  equator  coincides  with  it ;  and 

Captain  Sabine,  who  ascertained  it,  in  the  probability  is.  that  there  are  four: 

August,    1828,  to  be  69°  47'.*      As  a  because,  if  the  latter  curve  passes  to  tht 

northern  side  of  the  equator  at  its  westen 

•  PhiloJiophiralTransactiona  for  1829.    Since  the  Coincidence,  it  mUSt  again  CTOSS  it  hefoit 
aboTu  WHO  wriUen,  we  are  informed  that  the  din  - 

1m«  been  ancertalned  by  Caul.  Segelcke  to  be  Hy^ 
W  at  Woolwich,  in  Nov.  \K^.  •  Traile  de  Physique,  tome  III.  p.  I3S 
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it  am  arrive  at  the  southern  situation  in 
]if  hich  it  has  been  met  with  in  longitude 
1 564^.  These  inflexions  wiU,  therefore, 
assume  a  figure,  with  relation  to  the 
terrestrial  equator,  somewhat  like  that 
represented  in  fyr.  40,  where  the  dotted 
line  m  m  m,  is  the  magnetic,  and  the 
continuous  line,  e  e,  the  terrestrial 
equator. 

Ftg.  40. 
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$  3.     Variations  in  the  Intensity  of 
Terrestrial  Magnetism. 

noo.)  Besides  the  variation  and  the 
dip,  which  together  constitute  the  mag- 
netic position,  and  which  differ  much  in 
different  situations,  there  is  also  a  third 
circumstance  highly  deserving  our  atten- 
tion in  connexion  with  this  subject, 
namely,  the  intensity  of  the  force  which 
directs  the  needle  towards  this  position. 
Extensive  observations  of  the  relative  in- 
tensities of  the  magnetic  force  of  the  earth 
in  different  parts  of  its  surface,  are  of 
greater  value  in  enabling  us  to  under- 
stand the  general  system  of  terrestrial 
mas^netism  than  those  in  the  dip  or  va- 
riation. We  know  that  this  force  varies 
^atly  in  different  latitudes ;  but  our 
information  with  regard  to  the  exaci 
amount  of  this  variation  is  exceedingly 
scanty,  both  from  its  importance  not 
havinj^  been  felt,  and  the  consequent 
omission  of  the  proper  observations 
with  regard  to  it,  and  also  from  the 
greater  difficulty  there  is  in  conducting 
the  experiments  which  are  required  to 
ascertain  it. 

(101.)  The  best  mode  of  estimating 
the  comparative  intensities  of  the  mag- 
netic action  in  the  same  needle  in  two 
different  places,  is  to  count  the  number 
of  oscillations  which  it  makes  in  a  given 
time,  a  minute  for  example,  on  its  beinji^ 
disturbed  from  its  position  of  ec]uili- 
brium,  while  it  is  resuming  that  position. 
Tlie  movements  of  the  needle  being  re- 
gulated by  the  same  dynamical  laws 
which  govern  the  oscillations  of  the  pen- 
dulum, it  is  a  necessary  consequence  of 
those  laws,  that  the  intensity  of  the  force 
producing  the  oscillations,  is  propor- 
tional to  the  square  of  the  number  of 
oscillations  performed  in  a  given  time. 
Mr.  Graham  appears  to  have  been  the 
§rst  who  devised  this  method  of  mea- 
1  uring  the  magnetic  intensities. 


(102.)  The  tint  accurate  observation! 
of  this  kind  were  those  made  by  Hum- 
boldt, and  by  De  Rossel:  who  have 
completely  established  the  general  fact, 
that  the  intensity  of  the  force  of  terres- 
trial magnetism  increases  as  we  recede 
from  the  equator,  where  it  is  weakest, 
till  we  approach  the  poles :  at  the  mag- 
netic poles  themselves,  it  is  probably 
greater  than  at  any  other  spot,  m 
have  every  reason  to  expect  that  great 
light  will  be  thrown  on  this  department 
of  the  science  from  the  labours  of  Pro- 
fessor Hansteen  of  Christiana,  who  is 
now  travelling  at  the  expense  of  the 
King  of  Sweden,  and  with  the  permis- 
sion of  the  Emperor  of  Russia,  for  the 
purpose  of  observing  the  magnetic  dip, 
variation,  and  intensity,  over  the  whole 
of  the  North  of  Europe  and  of  Asia.  He 
has  especially  directed  his  attention  to 
trace  the  course  of  the  Hues  of  equal  in- 
tensity, or  isodynamic  /m^^asthey  have 
been  called :  that  is,  the  lines  connecting 
those  places  where  a  needle  freely  sus- 
pended in  the  magnetic  direction,  and 
drawn  a  certain  number  of  degrees  from 
this  position,  makes  the  same  number  of 
vibrations  round  the  point  of  rest  in  an 
equal  time. 

}  4.  Hypothesis  of  the  Magnetism  ^ 
the  Earth. 

(103.)  From  a  consideration  of  the 
general  facts  that  have  now  l)een  stated 
with  respect  to  the  influence  of  terres- 
trial  magnetism,  it  will  be  sufficiently 
evident  that  the  earth  acts  upon  mag- 
netised bodies  in  the  same  way  as  if 
it  were  itself  a  magnet;  or  rather  as 
if  it  contained  within  itself  a  powerful 
magnet  lying  in  a  position  nearly  coin- 
ciding with  its  axis  of  rotation.  This 
hypothesis  was  ori^nally  proposed  by 
Dr.  Gilbert  in  his  work  entitled 
**  Physiologia  nova  de  Magnete,  et  de 
Tellure  magno  magnete,"  published  in 
the  year  1600;  and  Kepler  ranks  tliis 
hypothesis  among  the  ^eatest  disco- 
veries in  the  annals  of  science. 

(104.)  In  order  to  make  this  hypo- 
thesis agree  with  facts,  we  must  assume 
that  that  pole  of  the  terrestrial  magnet 
which  is  situated  in  the  northern  regions 
of  the  earth,  attracts  the  north  pole  of 
the  compass  needle,  and  consequently 
that  it  has  the  same  properties  as  the 
south  pole  of  an  ordinary  magnet.  The 
opposite  pole  of  the  earth,  or  that  situ- 
ated in  the  antarctic  regions,  has  the  con- 
trary properties,  for  it  attracts  the  south 
pole  of  the  compaa^  \  «xu\>)c)Kc^^Q\^^»t 
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responds  in  its  properties  to  the  north    larity.    We  should  not  liave  dwelt  upoo 

|K)le  of  a  common  magnet.  this  comparatively  unimportant  toffic, 
(105.)  It  may  be  necessary  toromark  were  it  not  tliat  this  chane:e  of  languace 
that  this  circumstance  of  the  south  pole  is  sanctioned  and  adopted  by  Biot  and 
of  the  terrestrial  macrnet  beint;  situated  most  of  the  Continental  writers  on  mag- 
near  the  north  pole  of  the  earth,  and  vice    netism. 

versa,  has  occasionally  created  a  confu-  (107,)  Assuming  it,  then,  as  an  hy\io- 
sion  of  terms.  Some  authors  have  taken  thesis,  that  the  earth  contains  in  its  axis, 
a  fancy  to  reverse  the  names  we  have    or  near  it,  a  powerful  magnet,  let  us 
hitherto  sriven  to  the  mairnetic  polari-  note  the  consequences  which  follow  from 
ties :  assumins:  that  it  is  more  correct  to  it,  and  compare  them  with  the   f.icts. 
set  out  by  calling  that  property  which  We  shall  l)e^n  with  those  that  relate  io 
distinguishes  the  pole  of  the  terrestrial  the  inductive  power  of  the  earth's  ma-r- 
masjnet  situated  in  the  northern  regions,  net:  a  power  which' will  l)e  exertwl  in 
the  northern  polarity :  and  consequently  the  direction  which  a  magnetised  neeilK*, 
to  irive  the  name  of  the  south  pole  to  that  at  perfect  liberty  to  move^  would  assume 
pole  of  t  he  compass,  or  ordinary  matrnet,  in  consequence  of  the  action  of  terrestrial 
which  is  attracted  towards  it,  and  which  ma£:netism;  that  is,  in  the  direction  of  the 
of  coiu-se  has  the  opposite  ]X)ianty.  For  magnetic  position.     In  this  part  of  the 
the  same  reason  they  would  call  the  ant-  globe  this  position  is,  as  we  have  sefii. 
arctic  pole  of  the  mairnet  of  the  earth,  the  not  very  far  from  the  perfiendicular  »o  llie 
eoufh  polf\  and   that   end  of  the  needle  horixim.    A  bar  of  unmagnelised  iwn 
which  is  turned  towards  it,   the  north  placed  in  the  vertical  position,  or  near  it. 
pofe.  Mr.  Savery  *  endeavourfd  to  avoid  ought  therefore    to    become  magnetic 
this  confusion   of  terms   by   using  the  from  the  influence  of  the  earth,  and 
word  end,  in  contradistinction  to  that  of  merely  in  consequence  of  its    |.osition. 
pole;  and   this  phraseology  is  adopted  Its  lower  end  should  exhibit  the  proper- 
ty Mr.  Christie  in  his  papers  in  the  Phi-  ties  of  a  north  pole,  and   its  upper  end 
losophical  Transactions,  as  af)]>ears  from  those  of  a  south  pole.     All  this   agrees 
the   following  passasre  :    **  To   prevent  perfectly  with  experience.     An  iron  bar 
any  ambiguity,   I   must  here  state,  that  held  nearly  uprigtit  will  be  found,  at  its 
by  the  south  pole  of  a  magnet,  1  under-  upper  end.  to  attract  the  north  pole  of 
stand   always  the  end  wiucli,  when  the  a  compass  needle,  and  rejiel  the   sout:\ 
majjnet  is  frei-ly  suspended,  points  io-  pole:  it  is,  therefore,  itself  a  south  jh>1/. 
wards  the   north   pole  of  the  earth ;    so  its  lower  end.  on   the  contrary,  wiij  .it - 
that  the  noFth  end  is  the  south  pole,  and  traci  the  south,  ami  repel  ihe  north  piile 
Ww  south  end  \he  nn/th  pole  of  a  mair-  of  the  compass :   and   has  iherefoie    ;i 
netie  needle  ."     it  mailers  little  which  northern  polarity.     That  ihesepropeitus 
set  of  terms  are  used,  provided  they  are  of  the  ends  or  the  b;ir  drpend  alto^e'i.ei 
clearly  detined,  and  all  [)ersons  agree  to  on  the  position  of  the  biuilselt.  is  piovv.i 
abide  by  these  defnutious.     But  wliere-  by  reversinir  Us  position  ;   when  the  tv.u 
ever  a  diversity  of  practice   exists,  it   is  ends  will   be  foiuul  to  have  excluiiiied 
then  best   to   adhere  to  tiiat  which  most  polarities    merely    by   tl'.eir    change"  *•( 
generally   prevails:  in   the  present  case  situation:   the  upper  end  heintr  always  a 
the  authorities  in  favour  of  the  nom'  n-  soiith,  and  the  lower  end  a    north  p.iie. 
clature  we  have  ailopted  are  much  the  On  the  other  hand,  if  the  bar  l>e  pLu-^xi 
most  numerous.  in  a  position  at  right  angles  to  the  ni;i^'- 
(lOG.)  Some  have  attempted  to  avoid  netic  iH)Mlion,  (for exajiple,  horizontal: v. 
the   confusion  which  ihi-   chauires   just  an  1  wiiii  the  ends  directed  to  the  taN: 
mentioned  would  lead  to.  by   the  intro-  mid  \ve>t,)  it  will  not  exhibit  any  cha- 
duction  of  the  terms  /^>nW  an  I  Austral  r.icferistic  magnetism, 
instead  of  north  Am\  south :   the  former  (108.)  The  magnetism   which  a  soft 
set  of  terms  havinir  reference  to  th/  n  i-  bar  of  iron  derives  from  its  position  with 
tural  magnetism  of  the  earih,  the  latter  ivlation  to  the  earth,  is,  as  we  have  iu>t 
to  that  of  the  needle,  or   artiiicial  mag-  seen,  of  a  transitory  kind  ;  immediately 
net:  that   is.  they  would   express  what  lost  on  turninu' the  bar  so  that  it  makes 
we  have  all   along  called   the   northern  a  riijht  angle  with  the  magnetic  position  ■ 
po/ari/y,  by  the  term  Austral  polai  it tj ;  and  airain    acquired,  but  with  contran 
and  the  Aow/te-n  polarity,  they  would  poles,  when  its  {wsition  is  reversed.  Jiul 
traiislate  by  the  expression  Boreal  pp.  this  is  not  ihe  case  with  harder  bars  for. 

*  i»hii.  TruMH.  for  173«».  p. 'jy:*.  ^y  r*?maining  for  a  considerable  time  in 

t  ibiii.  for  iNfci,  p.  w-1.  a  vertical  position,  they  are  found  to  ac- 
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quire  a  sensible  and  permanent  magne-  the  upper  end  acquiring  the  southern,  and 
tism.  This  is  generally  the  case  with  the  lowerend  the  northern  polarity.  Hot 
the  stationanr  iron  bars  belonging  to  a  iron,  according  to  the  same  experiment 
building,  and  even  with  pokers  and  other  talist,  receives  more  magnetism  of  posi- 
fire-irons  which  have  long  been  kept  in  tion  than  the  same  when  cold.  An  iron 
an  upright  position.  This  circumstance  bar  is  rendered  magnetical  by  passing 
will  also  readily  account  for  the  perma-  an  electrical  discharge  through  its  axis, 
nent  magnetism  of  that  class  of  iron  ores  provided  it  be  in  a  position  favourable  to 
to  which  the  loadstone  belongs.  Indeed  mduction  by  the  earth :  and  the  polarity 
it  is  perhaps  not  goinje:  too  far  to  assert  it  accjuires  corresponds  with  the  effects 
with  Professor  Kobison  that  all  the  of  this  induction.  Electricity  appears 
magnetism  which  we  observe,  whether  to  act,  in  this  instance,  merely  by  its 
in  nature  or  art,  is  either  the  immediate  mechanical  agency,  and  independently 
or  the  remote  effect  of  the  magnetism  of  of  a  peculiar  influence  of  another  kind 
the  earth.  which  it  possesses,  and  which  will  be 

(109.)  All  the  phenomena  which  we    the  subject  of  future  inquiry, 
have  already  described  as  the  conse-        (110.)  Let  us  now  examine  how  far 
quences  of  induced  magnetism  proceed*    Dr.   Gilbert's    hjrpothesis  corresponds 
inp:  from  ordinary  magnets,  are  exem-  with  the  actual  phenomena  of  the  varia- 
plified  also  in  tlie  case  of  that  derived  tions  of  magnetic  position  in   different 
from  the  magnetism  of  the  earth.    It  is  parts  of  the  globe.     For  this  purpose,  it 
most  readily  induced,  but  soonest  lost,  will  be  necessary  to  revert  to  what  was 
in  the  softest  kinds  of  iron  and  steel ;  it  explained  in  a  former  chapter  regarding 
is  slowly  acquired,  but  more  permanently  the  positions  which  a  small  needle  as- 
retained   in  hard-tem^^ered  steel.    Per-  sumes  when   under  the  influence  of  a 
cussion  promotes  the  change,  of  what-  strong  magnet  in  its  vicinity,   and  va- 
ever  kind  it  may  be,  which  the  position  riousfy  situated  with  resptct  to  it.  These 
of  the  bar  relatively  to  the  earth  has  a  positions,  we  have  seen,  are  tan^nts 
tendency  to  produce.     Hence  we  see  the  to  a  magnetic  curve  passing  through  the 
reason  why  the  steel  bar  described  in  $  6  two  poles   of  the  great   mai^net,  and 
became    permanently     magnetical    by  through  the  centre  of  the  needle.    The 
being  struck,  while  in  a  vertical  position,  direction  of  the  tangent,  which  is  the 
with  a  hamimer.     Mr.  Scoresby  found  same  as    that  of    the   dipping-needle, 
that  even  a  bar  of  soft  iron,  held  in  any  together  with  that  of    a  vertical  line, 
position,  except  in  the  plane  of  the  mag-  or   one    perpendicular  to  the  horizon, 
netic  equator,  may  be  rendered  magne-  will  determine  the  plane  of  the  magnetic 
tical  by  a  blow  with  a  hammer  or  other  meridian,  for  it  is  the  plane  which  in- 
hard  substance ;  and  both  ends  seem  to  eludes  both  these  lines.    The  compass- 
acquire,  by  this  treatment,  an  equal  de-  needle,  which  turns  in  an  horizontal  plane 
gree  of  magnetism.  only,  will  arrive  at  its  position  of  equi- 
On  the  other  hand,  an  iron  bar,  pos-  librium  when  it  is  situated  in  the  plane 
sessing  permanent  polarity,  when  placed  of  the  magnetic  meridian,   because  it 
any  where  in  a  direction  at  right  angles  then  makes  the    nearest  approach  of 
to   the  magnetic  position,  and   struck  which  it  is  susceptible,  to  the  positidn  of 
several  times,  has  its  magnetism  always  the  dipping-needle,  which  is  that  towards 
much  weakened,  and  may  even  be  de-  which  the  magnetic    influence  of  the 
prived  of  the  whole  of  its  magnetism  by  earth  tends  constantly  to  bring  it. 
a  sins^le  blow.    This  affords,  indeed,  an        (111.)    In  those  parts  of  the  ^lobe 
excellent  method  of  depriving  iron  of  its  where  the  dip  is  very  small,  the  nori- 
magnetism.    Hough  treatment  of  any  zontal  needle  is  capable  of  taking  a  posi- 
kind,  such   as  filing   or   scouring  the  tion  very  nearly  approaciiing  to  that  of 
surface  of  iron,    and    more  especially  the  dipping-needle :  hence  the  terrestrial 
bending  or  twisting  it,  when  in  the  mag-  magnetism  is  exerted  in  bringing  it  to 
netical  position,  tends  to  impart  to  it  the  this  position  with  veiy  little  loss  of  its 
magnetism  corresponding  with  that  po-  force.    This  happens  in  the  equatorial 
sitibn ;  or  to  destroy  its  previous  mag-  regions  of  the  earth.     In  high  latitudes* 
netism,  if  it  be  subjected  to  the  same  on  the  contrary,  where  the  dip  is  great, 
treatment  in  a  position  at  right  angles  the  forees  which  actuate  tlie  horizontal 
to  this.  needle,  act  more  obliquely,  and  there- 
Iron  heated  to  redness,  and  quenciied  fore  to  great  disadvantage :  hence  the 
in  water,  in  a  vertical  position,  was  found  eompaas-needle  is  more  feebly  impelled  \ 
by  Mr.  Scoresby  to  become  magnetic;  the  point  of  re8lial»ia  d«KAd^>)x&»x>u»i> 
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and  the  compass  traverses  nowly.    The  magnetic  polet  do  not  occupy  pohits  on 
absolute  intensity  of  the  terrestrial  force  the  frlobe  diametrically  opposite  to  each 
is,  indeed,  greater  in  the  latter  case  than  other,  which  would  be  the  case  if  the 
in  the  former ;  but  the  increase  is  not  magnetic  influence  emanated  from  the 
sufficient  to  compensate  for  the  greater  centre  of  the  earth.    It  has  beei  sup- 
obliquity  of  its  action.      If  we  could  posed,  in  consequence,  that  the  terrei- 
place  ourselves  exactly  over  the  north  trial  magnet,    or  centre  of  magnetio 
or  south  magnetic  pole  of  the  earth,  force,  was  eccentric.    But  this  suppo- 
the  dipping-needle  would  take  a  vertical  sition  alone  will  not  suffice ;  for  ttiere 
position,  and    the  horizontal  compass  are  various  indications  of  the  influence 
would  no  longer  be  sensible  to  the  in-  of  more  than  one  pole  in  each  hemi- 
fluence  of   terrestrial  magnetism,   but  sphere  of  the  earth ;  and  the  probabUif  j 
would  remain  at  rest  in  any  position  in  is  that  these  poles  are  of  ver^  unequal 
which  it  might  happen  to  be  placed.  intensities.     Other    irregulantiea  exist 
(112.)  All  these  consequences  of  the  which  appear  to  owe  their  existence  to 
hypothesis    which    ascrii)es  terrestrial  the  influence  of  causes  entnrely  loca^  and 
magnetism  to  the  influence  of  a  magnetic  of  limited  extent,  such  as  might  be  sup- 
power  in  the  central  regions  of  the  earth,  posed  to  be  derived  from  Ivg^  masses 
and  of  which  the  direction  nearly  coin-  of  iron  situated  at  diflerent  depths  be- 
cides  with  its  axis  of  rotation,  may  be  neath  the  surface  of  the  earth. 
experimentally  illustrated  by  placing  a  (114.)  The  observations  best  calcu- 
strong  magnet  in  the  centre  of  an  arti-  lated  to  decide  the  important  question 
flcial  globe.    The  points  on  the  surface  of  the  existence  of  secondanr  magnetic 
which  are  opposite  to  the  poles  of  the  poles,  appear  to  be  those  of  the  varia- 
magnet,  are  to  \ye  marked  as  the  terres-  tions  of  magnetic  intensity,  from  which 
trial  magnetic  poles.     A   great  circle  we  derive  the  knowledge  of  the  isodyna^ 
being    traced    equidistant    from  these  mic  lines  already  adverted  to  (§102);  for 
poles,  will   be   the    magnetic    equator,  these  lines  will  necessarily  arrange  them- 
dividing  the  globe  into  the  northern  and  selves  in  regular  order  around  the  point 
southern  magnetic  hemispheres.    Great  or  points  in  each  hemisphere  when  the  in- 
circles  passing  through  the  poles,  and  tensity  is  greatest,  that  is  around  eadi 
crossing  the  equator    at  rigtit  angles,  respective  pole.      If  these  poles  were 
will  be  mH^netic  meridians;  of  which  single,  and  placed  opposite  to  each  other 
the  one  which  also  passes  through  the  in  tlie  globe,  one  in  the  northern  and  the 

f)olesof  the  eaith's  rotation  will  be  the  other  in  the  southern  hemisphere,  the 
ines  of  no  variation.  Smaller  circles  lines  of  equal  intensity  would  form  pa- 
parallel  to  the  magnetic  equator,  will  rallel  circles,  analogous  to  those  of  geo- 
indicate  situations  when  the  dip  is  the  graphic  latitude.  Captain  Sabine  re- 
same  in  all.  The  lines  of  equal  varia-  marks  *  that  the  observations  on  this 
tion  will  be  curves  of  particular  forms  subject,  made  previously  to  those  of  Pi (v 
less  easily  determinable.  The  accord-  fessor  Hansteen,  appeared  to  coirobo- 
ance  of  fact  with  theory  may  now  be  rate  sucli  an  hypothesis  ;  for,  although 
verified  by  placing  in  diflerent  situations,  they  extended  widely  over  the  magnetic 
on  the  surface  of  a  globe  so  prepared,  a  parallels  in  the  northern  hemisphere, 
small  needle  suspended  as  freely  as  pos-  namely,  from  the  least  almost  to  the 
sible  by  a  fine  thread,  which  holds  it  greatest  intensity,  yet  they  were  confined, 
balanced  as  nearly  as  possible  at  its  in  respect  to  longitude,  to  a  space  little 
centre  of  gravity,  and  observing  the  more  than  a  quarter  of  a  hemisphere; 
positions  it  assumes  in  each  situation.  and  to  that  quarter  which  is  immedi- 
(113.)  But  when  we  come  to  compare  ately  opposite  to  the  countries  visited  by 
the  r«»gular  lines  thus  traced  from  theory.  Professor  Hansteen.  Within  the  space 
on  the  supposition  of  a  single  central  that  had  been  thus  examined,  the  isotly* 
magnet,  with  the  lines  which  obser-  namic  curves  appeared  to  arrange  them- 
vation  points  out  as  those  indicating  selves  with  comparative  insignihcant 
the  actual  variations  of  the  magnetism  deviations,  in  parallel  circles  around  a 
of  the  earth,  we  meet  with  very  remark-  point  situated  in  the  north-eastern  part 
able  discordances.  Many  have  been  the  of  Hudson's  Bay,  and,  as  nearly  as  couki 
attempts  made  to  explain  the  irregula-  be  judged,  about  the  intersection  of  the 
rities  and  anomalies  in  the  course  of  the  sixtieth  degree  of  geographical  latitude 
magnetic  lines  by  suppositions  of  various 
kinds.    There  is  reason  for  believing 


that   the  northern  and    the    southern      *QuartcriyJournaiof  science.  Sept.  la-jst  p.  a 
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with  the  meridian  of  80^  west  of  Green- 
wich. 

But  M.  Hansteen  was  led  by  a  more 
careful  consideration  of  the  slight  ap- 
parent deviations  which  had  l^n  no- 
ticed, and  of  the  general  disposition  on 
the  globe  of  the  lines  of  dip  and  varia- 
tion, to  infer  the  existence  of  a  second 
point  of  principal  magnetic  action  in 
the  northern  hemisphere.  This  fact 
may  now,  indeed,  be  regarded  as  fully 
established  by  his  recent  observations ; 
the  isodynamic  curves  bein^  found  to 
arrange  themselves  systematically  round 
two  poles,  the  one  in  Hudson's  Bay  and 
the  other  in  Sit)eria ;  and  to  be  governed 
in  the  courses  which  they  follow,  partly 
by  their  distances  respectively  from 
those  points,  and  partly  by  a  disparity 
in  the  absolute  attractive  force  at  the 
points  themselves :  the  maximum  in- 
tensity in  Siberia  appearing  to  be  weaker 
than  that  in  Hudson*s  Bay,  and  existing 
at  a  point  situated  in  longitude  102°  east 
of  Greenwich,  which  is  as  nearly  as  can 
be  judged,  ISU^from  the  present  posi- 
tion of  the  corresponding  point  in  Hud- 
son's Bay,  and  in  a  latitude  somewhat 
to  the  north  of  60^  but  whiph,  it  is  to 
be  hoped,  will  soon  be  more  particularly 
determined. 

}  5.  Progressive    Changes  of   P (mo- 
tion and  qf  Dip, 

(115.)  The  most  singular  and  unac- 
countable circumstance  relative  to  ter- 
restrial magnetism  remains  yet  to  be 
noticed ;  namely,  that  it  does  not  remain 
constantly  the  same  in  the  same  place, 
but  undergoes  a  slow  and  progressive 
change.  The  variation  of  the  compass 
is  itself  variable,  not  merely  in  different 
re^ons  of  the  globe,  but  at  different 
periods  of  time.  Thus,  the  needle  in 
London,  in  the  beginning  of  the  seven- 
teenth century,  was  inclined  a  few  de- 
rs  to  the  eastward  of  the  true  north. 
1659  or  1660,  it  pointed  exactly 
north ;  or  in  other  words,  the  variation 
was  leduced  to  zero;  and,  of  course^ 
London  was  at  that  time  one  of  the 
points  of  the  line  of  no  variation.  After 
this,  the  variation  became  westerly,  and 
has  continued  so  to  the  present  time. 
The  line  of  no  variation,  therefore,  has 
been  progressively,  but  slowly  moving 
in  a  westerly  direction,  and  has  now 
passed  over  to  North  America. 

Similar  changes  have  taken  place  at 
Paris ;  but  the  line  of  no  variation  ap- 
pears to  have  passed  over  that  city 
rather  later  than  it  did  over  London: 


for  it  was  not  till  the  year  1664  that  the 
magnetic  coincided  with  the  true  meri- 
dian. In  1814,  it  was  22^  34'  west.  In 
October,  1829,  the  variation  at  Paris 
was  ascertained,  by  M.  Arago,  to  be 
22®  12^  5"  west*. 

At  London,  the  westerly  variation 
continued  to  increase  till  the  year  1818, 
when  it  amounted  to  24°  30.'  This  ap- 
pears to  have  been  its  maximum ;  for 
since  that  time  it  has  somewhat  dimi- 
nished, and  is  at  present  about  24°. 

It  appears,  from  the  table  given  by 
Mr.  Gilpin  t,  that  the  annual  change  in 
the  variation  has  diminished,  in  each 
successive  period,  since  the  beginning  of 
the  last  century.  In  the  preceding  cen- 
tury, that  is  from  1622  to  1692,  the  an- 
nual change  was  about  10' ;  from  1723 
to  1773,  it  was  about  8';  from  1787  to 
1795,  about  5';  from  that  time  to  1802, 
only  1'.2:  in  1818  it  was  reduced  to 
zero. 

(116.)  The  dip  has  also  undergone 
corresponding  changes,  though  less  con- 
siderable ones  than  the  variation.  In 
1680,  the  dip  in  London  was  73°  30'; 
in  1723  it  was  74°  42^:  since  which  time 
it  has  been  observed  to  diminish  pro- 
gressively, though,  as  it  would  seem, 
not  quite  regularly. 

Authoiitiet  and  Locallifct. 

In  1773  it  was  72°  19' Dr.  Heberden. 
1786    „      72     8)     Gilpin,  Royal 
1805     „      70  21  j  Society*sRooms 

Phil.  Trans,  for 
1806,  p.  419. 
1818     „      70  34  Capt.  Kater,  Re- 
gent's Park. 
1821     „      70     3  Captain    Sabine, 

Chiswick. 
1828     „       69  47  Ditto. 

1830    „      69  38  Capt.     Segelcke, 

Woolwicn.J 
On  the  continent  of  Europe  the  dip 
has  undergone  a  similar  diminution  of 
late  years.  The  dip  at  the  observatory 
at  Paris,  in  the  year  1814,  was  68°  36% 
according  to  the  determination  of 
M.  Bouvard.  In  June,  1829,  it  was  as- 
certained by  M.  Arago  to  l>e  670  4 1'.  3. 

(117.)  Captain  Sabine,  by  comparing 
the  present  dip  with  that  ot)served  for 
the  last  fifty  years,  concludes  that  the 

•  Annaaire  poor  PAn  18S0. 

^  Phil.  Trans,  for  1800,  p.  895. 

t  For  Uie  Information  reiaUve  to  the  last  of  these 
determinations,  we  are  indebted  to  the  kindness 
of  Professor  Barlow,  of  Woolwich,  who  states  that 
Captain  Scgelcke,  of  the  Norwegian  Nary,  and 
a  friend  of  Professor  Hansteen,  empioycd  In  this 
determinaUon  of  the  dip,  the  same  needle  which 
the  latter  had  with  him  in  his  recent  Wox  \^ 
Siberia. 
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mean  annual  diminution  is  about  3'. 
Mr.  Barlow  finds  that  these  observa- 
tions a<x;oi*d  much  more  nearly  with 
what  would  take  place  on  the  supposi^ 
tion  of  a  uniform  motion  of  revolution  in 
the  magnetic  pole  round  the  ])ole  of  the 
earth.  From  the  most  authentic  ob- 
servations on  the  dip  and  variation 
of  the  needle  in  London,  he  calculates 
that  the  longitude  of  the  northern  ex- 
tremity of  the  magnetic  polar  axis 
which  it  obeys  was,^  in  1818,  67°  41' 
west,  and  its  latitude  75°  2'  north.  If 
we  suppose  that  the  motion  of  this  pole 
has  been  uniform  since  the  year  1660, 
when,  from  the  disappearance  of  varia- 
tion, its  longitude  must  have  l)een  zero, 
and  that  it  has  preserved  the  same  dis- 
tance from  the  terrestrial  pole,  its  an- 
nual motion  of  revolution  must  have 
been  about  25'.  4.  It  would,  therefore, 
require  eight  hundred  and  fifty  years 
to  make  an  entire  revolution  of  360°. 
Computing  from  these  data,  it  would 
follow  that  the  vartation  ought  to  reach 
its  maximum  when  the  longitude  of  the 
magnetic  pole  is  70°  23'  west.  It  would 
have  arrived  at  this  situation  about  the 
year  1823  ;  about  which  time,  as  it  would 
appear,  the  variation  was  stationary, 
having  attained  its  real  maximum,  and 
having,  since  that  period,  actually  re- 
troceded. 

(118.)  On  calculating  what  the  dip 
should  be  in  1823,  accorJintr  to  Mr. 
Barlow's  hypothesis,  a  very  lU'ar  ai^ree- 
nient  with  actual  observation  is  found 
to  take  place.  It  follows,  however,  frum 
this  hypothesis,  that  the  dip  has  not  an 
uniform  decrease.  l>ut  that  it  is  changing 
much  more  rapidly  at  this  present  time 
than  it  has  ever  done  since  magnet  leal 
observations  have  been  made.  Its  de- 
crease, during  the  live  years  preceding 
1824,  lias  been  nearly  half  a  degree,  and 
it  ought  to  have  diminished  to  an  equal 
extent  during  the  follow  ins:  five  years. 
Mr.  Barlow*  has  computed  Miat  in 

The  Variation  should  b«  and  the  Di|> 

1828     .     .     24°  29'     .     .     69°  43' 
1833     .     .     24     26       .     .     69     21 
The   near   accordance  of  these  results 
with  what  has  actually  been  observed, 
is  considered  by  him  as  a  strong  confir- 
mation of  the  truth  of  his  hypothesis. 

(119.)  It  would  appear,  then,  both 
from  observation  and  from  theory,  that 
the  dip  is  at  present  ehaniring  more 
rapidly   than    the  variation;    and   the 


•  See  his  Etsay  on  H^Ingiietlc  A«iai,Uui.,s,  '2iu\ 
Eiiltioii,  p.  2 lb. 


theory  teadt  to  the  expectation  that  it 
will  continue  to  decrease  together  with 
the  dip,  for  about  two  hundred    and 
fifty-fiye  year^,  at  the  end   of   which 
period,  that  is  in  2085.  the  loRcritude  of 
the  magnetic  pole  will  be   180°;   the 
variation  will  then  he  nothing,  and  the 
dip  only  56°,  which  will  be  its  minimum ; 
they  will  then  both  increase  together  for 
the  next  two  hundred  and  sixty  years, 
when  the  needle  will  have  its  greatest 
easterly  variation,  and  wiU  then  again 
return  towards  the  north,  the  variation 
decreasing,  hut  the  dip  still  increasing, 
for  one  hundred  and    sixty-five  years 
longer,  namely,  till  about  the  year  2510, 
when  the  magnetic  pole  will  be  again  in 
the  meridian  of  London ;  the  variation 
will  then  l)e  zero,  and  the  dip  will  amount 
to  77°  43'.     It  is  to  be  observed,  how- 
ever, that   Mr.  Barlow  advani-es  this 
merely  as  an  hypothesis,  the   truth   of 
which  remains    to   be    dt-temiined  by 
future  ex])erience. 

(120.)  A  curious  hypothesis  was  ad- 
vanced by  Dr.  H  alley,  and  supported 
with  some  ingenuity,  in  order  to  explain 
the  progressive  changes  ihst  take  plsce 
in  the  vanation  of  the  compass.    He 
supposes  the  globe  we  inliabit  to  be  a 
mere  external  shell,  enclosing,  towaixls 
its  centre,  a  detached  magnetic  nucleus, 
of  a  spherical  shape,  which  revolves  with 
the  external  shell  on  a  similar  axis,  with 
nearly  the  same  velocity.     He  supposes 
both  these  spheres  to  be  magnets,  having 
each    two    poles  ;    but     the    poles    of 
the   one  not    exactly   Ci)rres ponding  in 
situation  with  the  poles  of  the   other. 
The  difference  of  the  i)eriods  of  rotation 
of  the  Two  spheres,  he  conceives  to  be 
exceedingly  small,  yet  sufficient  to  be- 
come sensible  after  the  lapse  of  years, 
anvl  to  occasion  a  change  in  the  relative 
situation  of  the  two  sets  of  magnetic 
poles  ;  and  hence  would  arise  changes  in 
the  direction  of  their  resulting  actions, 
and  corresponding  clianges  in  the  varia- 
tion of  the  magnetic  needle.     However 
ingeniously   this    hyi)othesis  may  have 
been  framed,  it  was  loo  bold  and  fanciful 
to  have  been  ever  generally  adopted.   Its 
author,  indeed,  has  the  candour  to  ac- 
knowledge that  it  is  beset  with  nume- 
rous difficulties,  which  further  experience, 
extended  over  a  long  period  of  time,  can 
alone  enable  us  to  remove.     He   con- 
cludes his  paper  in  the   Philosophical 
Transactions  in  which  he  has  develo})ed 
his  theory,  with  the  following  sentence: 
*  Hut    whether  these  magnetical   poles 
move  aliogether  with  one   motion,  or 
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with  several — whether  equally  or  un-  of  greatest  amount  at  about  eight  o'clock, 

equally — whether  circular  or  ubratory ;  thence  returning  quickly  to  its  mean  po- 

it  circular,  about  what  centre ;  if  libra-  sition,  which  it  attained  between  nme 

tory,  after  what  manner;  are. secrets  as  and  ten  o'clock,  after  which  it  became 

yet  utterly  unknown  to  nllankind,   and  westerly ;  at  first  increasing  rapidly,  so 

are  reserved  for  the  iurliistry  of  future  as  to  reach  its . maximum  at  about  one 

ages*/  o'clock  in  the  afternoon,  and  then  slowly 

t  ^    n-        I  y  t             r  T/'    '  s' receding  during  the  rest  of  the  day,  and 

}  6.  Diurnal  Changes  of  Fariatton  ^^-^^-^l  ^^  its  mean  position  by  about 

and  Intensity.  ,g„  ^.^^^^  ^^  „i^ht.     The  state  of  the 

(121.)  Independently  of  the  changes  weather.and  more  particularly  that  of  the 

already  noticed,  the  position  of  the  mas:-  temperature,  had  considerable  influence 

n^tic  needle  is  liable  to  certain   slight  on  tne  nature  and  extent  of  the  changes, 

vnriations,  according  to  the  time  of  the  (124.)  Mr.  Christie  remarks  that  the 

day,  and  also  according  to  the  season  of  changes  which  are  observed  to  take  place 

the  year.    The  daily  change  in  the  va-  cannot  be  explained  by  a  change  in  the 

nation  was  discovered  in  1724  by  Mr.  directions  alone  of  the  terrestrial  forces, 

George  Graham,  and  h&s  been  confirmed  but  that  their  characters  agree,  as  nearly 

by   many  subsequent  observers.     This  as  we  can  possibly  expect,  with  the  effects 

change,  however,  is  exceedingly  minute,  that  woula  take  place  from  an  increase 

and  requires  the  most  carefm  observa-  of  intensity  at  the  time  that  the  direction 

tiori*  and  the  most  delicHte  instruments  deviates  towards  the  west, 

to  render  it  sensible,  even  in  the  hori-  (12.5.)    The  occurrence    of   diurnal 

zontal  needle;  and  it  is  still  more  diffi-  changes   of  intensity   at  Christiana  in 

cult  of  detection  in  the  dipping  needle,  Norway     have    been    ascertained     by 

which  does  not  admit  of  the  same  de-  M.  Hansteen  ;  the  same  conclusion  being 

gree  of  delicacy  of  suspension.  deducible  from  his  olxservations  of  the 

(122.)  Professor  Barlow,  to  whom  the  vibrations  of  a  needle  very  delicately 
science  of  magnetism  is  so  much  in-  suspended  ;  and  also  from  those  of  Mr. 
debted  for  its  niore  recent  improvements,  Christie,  made  with  a  different  appara- 
has  devised  a  mode  of  rendering  these  tus,  and  by  a  totally  different  method, 
diurnal  oscillations  much  more  percep-  (126.)  M.  Hansteen  found  that  the" 
tible,  by  diminishing  the  ordinary  direc-  minimum  intensity  occurs  about  half 
live  power  of  the  needle,  through  the  past  ten  o'clock  in  the  morning,  that  i», 
influence  of  one  or  two  magnets,  placed  about  two  hours  after  the  westerly  devi- 
in  .such  positions  with  respect  to  the  ation  has  commenced,  and  the  maximum 
needle  as  to  counteract,  and  thereby  intensity  at  half- past  seven  in  the  even- 
neutralize,  as  it  were,  the  terrestrial  ac-  ing,  that  is,  about  the  same  time  af)er 
tion.  The  effect  of  the  ordinary  action  the  return  towards  the  east  Mr.  Chris- 
being  thus  removed,  he  was  led  to  ex-  tie*  found  that  the  terrestrial  magnetic 
pect  that  the  extraordinary  cause,  what-  intensity  is  the  least  between  ten  «nd 
ever  it  might  be,  which  produced  the  eleven  o'clock  in  the  morning;  the  time, 
daily  variation,  would  exhibit  its  effects  nearly,  he  observes,  when  the  sun  is  on 
much  more  perceptibly;  and  thus  not  the  magnetic  meridian  ;  that  it  increases 
only  the  amount  of  the  changes  it  pro-  from  this  time  until  nine  and  ten  o'clock 
duces,  but  also  the  period  of  their  taking  in  the  evening ;  after  which  it  decreases, 
place,  and  of  the  maximum  of  their  ope-  and  continues  decreasing,  during  the 
ration,  might  he  ascertained  with  great  morning,  until  it  attains  its  minimum 
precision.  These  exi^ctations  have  been  already  stated. 

amply  realized  by  the  success  of  his  own  (127.)    The    general    dependence   of 

experimental    researches,  and   also  by  these  vaiiations  of  magnetic  position  on 

those  of  Mr.  Christie,  which  ai-e   de-  diurnal  changes  of  temjyerature  is  suffici- 

tailed  in  several  pai>ers  In  the  *  Philuso-  ently  apparent  from  the  results  hitherto 

phical  Trimsachons  t.'  obtained.   But  the  prosecution  of  the  in- 

(123.)  The  geneiul  result  of  the  ex-  quiry  involves  considerations  of  another 
periments  of  the  latter  of  these  obser-  kind,  connected  with  a  subject  we  have  not 
vers  was,  that  the  deviation  ot  the  huri-  yet  touched  upon,  namely,  electro-mag- 
zontal  needle  from  the  mean  pt)sition  was  nttic  and  thermo  magnetic  phenomena. 
easterly  during  the  forenoon,  and  was  (128.)  The  mean  diurnal  changes  of 
variation  were  found  by  Mr.  Canton  to 

•  PWL 1  ran*,  for  16«3,  p.  220,  7       '      ~~~       ~" 
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difitn'  at  different  seasons  of  the  year,  nal  changes  of  Tamtioni  in  eaeh  iiMNiti^ 

beine  greatest  in  June  and  least  in  De-  which  m  found  to  be  venr  difiEeicnt  in 

cember^  and  he  has  given  the  results  of  difierent  vears.      The  following  taUe 

his  observations  in  a  tabular  form.    Mr.  contains  tpe  results  of  these  difiEerent  ob* 

Gilpin  investigated  this  subject  at  a  later  servations  *. 
period,  and  gives  also  tables  of  the  diur- 

Mean  Diurnal  Changes  of  Variation, 

««»«»k.  Canton  In  OUpin  la 

Mentha.  ,75j  ,j^     ^        ^,j^ 

January 7'    8"  . .   10'. 2  ..     4'. 3 

February  8    58  ..  10.4  ..     4.6 

March 11    17  ..15.     ..     8.5 

April 12    26  ..   17.4   ..   11.7 

May 13     0  ..   18.9  ..   10.4 

June 13   21  ..    19.6  ..   12.6 

July 13    14  ..    19.6   ..   12.5 

August 12    19  ..    19.4   .,  12.1 

September 11    43  ..   15.5  ..     9.8 

October 10    36  ..   14.3  ..     7.0 

November 8     9  ..   11.1   ..     3  .8 

December 6    58  . .     8.3..     3.8 


Chapter  IV. 
Theories  of  Magnetism, 

$  1.  Mechanical  Theories. 

(129.)  In  the  e:eneral  view  we  have 
now  given  of  the  present  state  of  our 
knowledge  with  regard  to  magnetism,  we 
have  strictly  confined  ourselves  to  the 
statement  of  fact<i,  unmixed  with  hypo- 
thetical speculations  as  to  the  nature  of 
the  powers  from  which  they  proceed. 
We  have  solely  endeavoured  to  genera- 
lize the  facts,  as  far  as  their  nature  and 
extent  would  warrant.  The  result  has 
t)een  their  reduction  to  a  small  number, 
such  as  the  mutual  attractions  and  re- 
pulsions of  ma^etic  iron  accordins:  to 
certain  laws, — the  induction  of  these 
properties  on  other  iron, — the  ditferences 
m  the  capacities  of  receiving:  and  of  re- 
taining these  properties,  existimr  in  dif- 
ferent kinds  of  ferruginous  bodies, — and 
the  ma8:netic  influence  of  the  globe  of 
the  earth. 

(130.)  But  the  human  mind  is  so 
constituted  as  to  refuse  Ijeing  restrained 
vvithin  the  boundaries  of  a  rigid  induc- 
tive philosophy.  Incited  by  an  irresisti- 
ble desire  of  exploring  the  secrets  of 
Nature,  it  scruples  not  as  to  the  means 
of  forcing  her  to  disclose  them ;  and 
borne  on  the  wings  of  imagination  and 
conjecture,  presses  forwards  with  an 
eagerness  which  often  betrays  it  into 
courses  widely  deviatinir  from'the  truth. 
Yet  good  is  often  found  to  result  from 


*  Phil.Trana.  for  1709,  p.  3U6. 


these  erratie  excursions  of  our  faculties : 
they  infuse  fresh  interest  into  the  pursuit 
of  knowledge ;  they  inspire  with  the  hope 
of  success ;  they  invigorate  those  powers 
which  must  be  exerted  to  attain  it.  The 
spark  which  kindles  a  train  of  ligfat  is 
sometimes  struck  out  in  the  conflict  of 
discordant  speculation;  and  amidst  a 
multitude  of  attempts,  some  effort*  more 
happy  than  the  rest,  eUcits  an  important 
discovery.  No  great  or  comprenensive 
fact  in  science  was  ever  established, 
without  beinsr  preceded  by  a  l>old  though 
sagacious  conjecture.  Hypothesis  of 
some  kind  or  other  is  invariably  the  pre- 
cursor of  truth. 

(131.)  Magnetism,  ever  since  it  occu- 
pied the  attention  of  philosophers,  his 
been  a  fertile  soil  for  hypothesis.  That 
a  shapeless  and  unorganized  lump  of 
metal  should  have  the  power  of  drawinz 
towards  itself  another  equally  rude  and 
unfashioned  piece  lying  at  a  distance, 
or  of  forcing  it  to  move  away,  as  if  lH)th 
were  alive,  and  animated  by  some  prin- 
ciple of  active  sympathy  :  and  that  all 
this  should  take  place,  whatever  may  b< 
the  number  or  kind  of  the  interveninc 
bodies,  nay  even  in  the  apparent  absence 
of  any  connecting  medium,  are  pheno 
mena  of  too  remarkable  a  nature  not  to 
excite  in  us  a  lively  ciu^osity  to  leais 
their  cause.  No  wonder  that  the  an- 
cients, who  had  but  imperfect  notions  of 
the  real  objects  of  philosophy,  were  io* 
pressed  with  a  vague  notion  of  th«r 
connexion  with  immaterial  agency.  Mar 
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netie  attraction  was  ascribed  by  Thales  observed  effects.     Descartes  was  the 

to  the  secret  influence  of  a  species  of  foremost  among  those  philosophers  who 

mind,    or  soul,  residing    in   masnets.  laboured  to  account  for  all  the  unex- 

This  was  also  the  doctrine  taught  by  plained  movements  in  nature  by  the  im- 

Anaxagoras,  who  extended  it  to  many  pulsion  of  fluids  circulating  in  vortices ; 

other  phenomena  in  nature.    Others  en-  and  he  naturally  viewed  the  phenomena 

deavoured  to  account  for  the  attraction  of  magnetic  action  as  strongly  corrobo- 

t)etween  the  loadstone  and  iron  by  the  rating    his  system.      Euler  also,  who 

vague  notion  of  a  kind  of  sympathy  ex-  sought  to  explain  various  natural   ap- 

isting  between  these  two  bodies.     In  pearances   by  the  intervention    of  an 

later  times  Cornelius  Gemma  imagined  ethereal  fluid,  did  not  fail  to  apply  his 

that  the  connexion  between  them  was  favourite  hypothesis  to  the  elucidation 

established  by  what  he  calls  invisible  of  magnetism.     He  even  went  so  far  as 

rays.      Cardan  asserted  that   the  iron  to  imagine  the  possibility  of  there  exist- 

was  attracted  because  it  was  of  a  cold  ing  in  the  substance  of  iron  numerous 

nature,    and  Costeo  de  Lodi,  because  canals,  through  which  the  ether  circu- 

iron  was  the  natural  food  of  the  magnet,  lated,  furnished  with  valves  which  regu- 

(132.)  But,  consigning  these  wild  va-  lated  the  direction  in  which  it  moved, 
ficaries  to  the  oblivion  they  merit,  let  us  It  was  not  until  the  phenomena  had 
consider  whether  the  phenomena  of  been  examined  with  greater  care,  and 
luatrnetism  are  capable  of  being  re-  were  rigorously  subjected  to  the  in- 
duced to  any  class  of  physical  actions  ductive  process,  that  juster  notions  of 
with  which  we  are  more  familiar.  In  the  nature  of  the  macrnetic  forces  came 
accounting  for  a  motion  which  we  see  to  be  entertained.  With  the  knowledge 
take  place,  we  have  a  natural  repugnance  we  now  possess  of  the  actual  law  of 
to  admit  of  the  existence  of  a  power  magnetic  attraction  and  repulsion,  it 
of  action  at  a  distance;  or,  in  other  words,  must  be  at  once  perceived  that  all  hypo- 
to  conceive  that  a  body  can  act  where  theses  founded  on  the  impulse  of  a  fluid 
itself  is  not:  and  we  always  incline  to  in  motion,  are  irreconcileable  with  that 
that  supposition  which  implies  the  mo-  law,  and  must  therefore  be  totally  dis- 
tion  to  be  the  effect  of  impulse.  We  carded, 
naturally  ask,  agreeably  to  this  prepos-  >.  ^  • 
session,  whether  the  movements  of  mag-  »  2-  Theory  of  ^pinus. 
netic  bodies  may  not  be  occasioned  by  (133.)  The  obvious  analogy  which  pre- 
the  impulse  of  some  subtile  ethereal  fluid  sent  s  itself  between  the  phenomena  of' 
impinging  on  their  surfaces ;  emanating,  magnetism  and  those  of  electricity,  na- 
for  instance,  from  one  end,  and  passing  turally  sug(;ested  the  probability  that 
into  the  other,  or  circulating  in  invisible  the  same  mode  of  explanation  might 
currents  around  the  magnets  from  pole  apply  to  both,  and  laid  the  foundation 
to  pole.  This  fluid  might,  for  instance,  of  the  first  rational  theory  of  magnet- 
be  conceived  to  emanate  from  one  pole,  ism.  While  i^pinus  was  intent  upon 
to  enter  at  tha  other,  and  permeating  improving  the  beautiful  electrical  theory 
the  substance  of  the  magnet,  again  to  of  Franklin,  he  was  struck  with  the  re- 
issue from  its  former  outlet.  markable  similarity  in  the  attractions 

Such  was  the  train  of  thought  that  and  repulsions  exhibited  by  the  tourma- 
obviously  occurred  to  those  who  first  line,  when  it  is  heated,  to  those  of  mag- 
witnessed  the  arrangement  which  iron  netic  bodies;  and  it  occurred  to  him 
filings,  loosely  scattered  around  a  mag-  that  the  phenomena  of  magnetism  might 
net,  assume  in  consequence  of  its  be  derived  from  the  agency  of  a  peculiar 
*nfluence.  The  filings  nave  the  ap-  fluid,  having  properties  very  similar  to 
pearance  which  would  be  given  by  a  those  of  the  electric  fluid,  but  which 
stream  of  fluid  brushing  bv  them,  acted  exclusively  upon  iron.  The  prin- 
and  turning  each  individual  filament  cipal  difference  between  the  two  sets  of 
in  the  direction  of  its  course;  which  phenomena  was,  that,  in  the  case  of 
course  might  accordingly  be  easily  electricity,  the  agent,  whatever  be  its 
traced  in  the  regular  and  symmetric  nature,  is  actually  transferred  from  one 
curves  that  are  exhibited  to  the  eye.  body  to  another;  but  in  magnetism 
In  the  infancy  of  the  science,  and  in  the  there  is  merely  induction,  but  never  any 
absence  of  any  other  hypothesis,  many  transference.  In  as  far,  however,  as 
were  the  speculations  advanced  as  to  respects  mere  attraction,  repulsion,  and 
Jhe  mode  in  which  these  supposed  induction,  electricity  and  magnetism  pre- 
streams  of  magnetic  fiuid  produced  the  sent  phenomena  that  ate  ^^^«5i>\^  \^- 
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rallel  to  one  another.     Franklin's  inge-  quantity  of  flakl,  mint  be  neotnl  vilb 

niuus  tlieory  of  the  two  modes  of  elec-  reeard  to  its  action  on  any  other  pu^ 
trie  agency,  the  one  consisting  in  an  ticle  of  fluid,  and  also  on  any  other  pu^ 
excess,  the  other  in  a  deficiency  of  fluid,  tide  of  iron.  Such  is  the  csondition  of 
and  the  happy  explanation  it  aifotded  unmagnetical  iron  or  steel.  Itmn^- 
of  the  opposite  electrical  states  resulting  netism  is  neutral,  or  in  a  state  of  eqai- 
from  induced  electricity,  and  its  accu-    librium. 

mulation  in  the  Leyden  phial,  were  ap-  (137.)  But  should,  from  any  came, 
plied  with  great  rngenuity  by  ^pinus  to  this  state  of  equilibrium  be  destroyed, 
the  contrariety  of  magnetic  polarities  in  and  magnetic  fluid  l>e  either  aocumii- 
the  op}M)site  ends  of  a  magnet,  and  the  lated  beyond  its  natural  quantity  as  le- 
induction  of  similar  ma^etic  states  in  lates  to  the  iron,  or  reduced  below  that 
an  unmagnetized  bar  of  iron.  His  sys-  proportion,  the  part  where  this  exeev 
tem  of  magnetism,  when  digested  into  a  or  this  deficiency  exists  becomes  active 
series  of  propositions,  may  be  stated  as  — ^that  is,  acquires  the  properties  of 
follows : —  either  a  north  or  a  south  pole.  Am  the 
(134.)  1.  There  exists  in  all  bodies  fluid  can  never  pass  beyond  the  sorfaoe 
ca)>able  of  acquiring  magnetic  proper-  of  the  mass  of  iron  in  which  it  is  con- 
ties,  a  subtile  fluid,  which  may  be  called  tained,  the  total  quantity  residing  in  that 
the  ma^etic  fluid.  mass  must  remain  precisely  the  taim, 

2.  The  particles  of  this  fluid  repel  one  whatever  be  its  mode  of  distribution; 
another  with  a  force  which  decreases  as  and  therefore  the  excess  of  fluid  in  those 
the  distance  increases.  parts  where  it  is  accumulated  or  re- 

3.  The  particles  of  the  magnetic  fluid  dundant,  must  be  exactly  compenaiUed 
attract,  and  are  attracted  by  the  parti-  by  the  redundant  iron,  if  we  may  soex- 
cles  of  iron,  with  a  force  varying  accord-  press  it,  in  those  parts  where  the  fluid 
ing  to  the  same  law.  is  deficient.    In  all  cases  it  will  be  onlf 

4.  The  particles  of  iron  repel  one  the  redundant  fluid  or  the  redundant 
another  according  to  the  same  law.  iron  that  constitutes  the  active  ports  of 

5.  The  magnetic  fluid  is  incapable  of  the  magnet. 

quitting  the  body  in  which  it  is  contained,        (138.)  It  follows  as  a  direct  eonse- 

but  it  IS  capable  of  moving  within  the  quence  of  the  second  condition  of  the 

substance  of  pure  iron  and  of  soft  steel  hypothesis,  that  the  pole  of  one  magnet 

without    any  considerable  obstruction,  in  which  the  fluid  is  redundant  will  repel 

It  is  more  and  more  impeded  in  its  mo-  the  pole  of  another  magnet  in  which  it 

tion  as  tlie  steel   is  tempered  harder;  is  also  redundant ;  t)ecause  the  fluid  in 

and  in  very  hard  tempered  steel,  and  in  each  is  mutually  repulsive  of  the  other, 
some  of  the  ores  of  iron,  it  moves  with        (139.)  From  the  third   condition  of 

the  greatest  difiiculty.  the  same  hypothesis,  it  likewise  follows 

(135.)  In  order  to  judge  of  the  degree  that  the  pole  having  an  excess  of  fluid, 

in  which  the  theory  is  qualified  to  re-  or  the  overcharged  pole,   as  we  mif 

present  the  facts,  we  must  study  the  se-  call  it,  of  one  magnet,  will  attract  and 

veral  consequences  which  flow  from  the  be  attracted  by  the  pole  in  which  the 

above  suppositions,  and  then  compare  fluid  is  deficient,  or  the  underchaf]ped 

them  with  the  actual  phenomena  which  pole  of  the  other;  and  this  action  most 

are  presented  to  our  obseivation.  be  reciprocal. 

(136.)  Each  particle  of  iron,  by  the  (140.)  It  is  also  a  necessary  come 
hypothesis,  attracts  a  particle  of  mag-  quence  of  the  fourth  condition  that  the 
netic  fluid,  placed  at  any  particular  dis-  redundant  iron  in  the  undercharged  pok 
tance,  ^ith  a  certain  force.  We  may  of  one  magnet  repels  every  similarly  eon- 
conceive  that  mnji^netic  fluid  is  gradually  .stituted  pole  in  other  maf^nets ;  bccauK^ 
added  to  the  particle,  until  the  (|uantity  by  the  hypothesis,  iron  repels  iron, 
thus  added  is  such  that  the  force  of  re-  (141.)  Hence  we  deduce  thegenenl 
pulsion  which  the  fluid  exerts  upon  any  law  that  similar  poles  repel,  and  disK- 
distant  particle  of  magnetic  fluid,  ex-  milar  poles  attract  one  another, — a  law 
actly  balances  the  attractive  force  of  identical  with  that  we  have  already  de- 
the  iron  for  that  same  particle.  This  duced  firom  experiment 
quantity  may  be  regarded  as  the  natural  (142.)  Let  us  next  see  what  aceouBl 
cjuantity  of  fluid  belonging  to  that  par-  the  theory  gives  us  of  the  induction  of 
tide  of  iron.  According:  to  this  definition,  magnetism.  If  the  overcharged  pole  of 
therefore,  a  mass  of  iron,  all  the  par-  a  na^rnet  be  brought  near  the  end  o(i 
tides  of  which  contain  their    natural  bar  of  iron  in  its  natural  or  unnugndi 
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eal  state,  the    redundant  fluid   in  ttie  pole ;  at  a  little  distance  from  this  we 

former,  exerting  a  repulsive  influence  on  shall   have  a  north  pole ;  beyond  this 

the  fluid  at  the  nearest  end  of  the  latter,  again  will  appear  another  south   pole, 

will  give  it  a  tendency  to  move  towards  and  perhaps  at  the  furthest  end  a  se- 

the  remote  end.    It  will  obey  this  ten-  cond  nortn  pole.    Sometimes,  indeed, 

dency,  provided  the  texture  of  the  iron  there  will  be  only  three  poles,  the  middle 

offers  no  obstruction  to  its  transmis-  one  being  of  an  opposite  character  to 

sion ;  and  a  certain  portion  of  the  fluid  those  at  uie  two  ends,  which  are  similar 

will  accordingly  be  transferred  from  the  to  one  another. 

near  to  the  remote  end.    The  bar  will  (145.)  Let  us  now  remove  the  macr- 

now  exhibit  magnetic  properties ;    its  net ;  what  will  happen  to  the  iron  bar  ? 

near  end  being  undercharged,  will  pos-  The  cause  which  maintained  the  mag- 

sess  a  polarity  of  an  opposite  nature  to  netic  fluid  in  the  forced  state  of  excess 

that  of  the  magnetic  pole  presented  to  at  one  end,  and  of  deficiency  at  the 

it ;  the  remote  end,  being  overcharged,  other,  no  longer  operating,  the  fluid  will 

wUl  have  a  polarity  of  the  same  kind  as  now  tend  to  resume  its  original  state  of 

the  pole  of  ttie  magnet.  uniform  distribution  over  the  whole  mass 

(143.)  A  series  of  changes  exactly  the  of  iron ;  and  if  no  obstacle  exist  in  the 

converse  of  these  will  taEe  place  when,  structure  of  the  iron  to  impede  its  mo- 

instead  of  the    overcharged  pole,  we  tion,  it  will  immediately  revert  to  that 

present  the  undercharged  pole  of  the  state.    But  if  the  bar  be  of  steel,  which 

magnet  to  the  bar.    Tl^  reaundant  iron  presents  obstacles  to  the  passage  of  the 

now  attracts  the  magnetic  fluid  of  the  fluid,  which  the  force  derived  frgm  its 

bar,  and  draws  it  towards  the  adjacent  tendency  to  equable  diffusion  is  insuffi- 

end,  converting  it  into  an  overchar^  cient  to  overcome,  the  fluid  which  had 

pole,  while  the  other  end,  from  which  passed  will  remain  stationary,  and  the 

the  fluid  has  been  drawn,  becomes  the  induced  magnetism  will  continue  as  at 

undercharged  pole.  first — that  is  to  say,  the  bar  will  have 

.    (144.)  The  effects,  however,  do  not  been  converted  into  a  permanent  magnet, 

end  here.    The  bar,  thus  rendered  mag-  (146.)  On  the  same  principle  may  be 

netic,  reacts  upon    the  magnet    from  explained  the  effect  of  hammering,  or 

which  it  had  denved  its  pov/er,  and  tends  any  other  kind  of  mechanical  conciis 

to  increase  the  magnetism  it  originally  sion,  in  impairing  the  magnetism  of  a 

possessed.    This  increased  magnetism,  steel  bar;   for  tl^  tremulous  motions 

in  its  turn,  tends  to  oroduce  an  augmen-  excited  among  the  particles  will  open  a 

tation  of  the  induced  magnetism  of  the  passage  for  the  fluid,  which  will  thus 

bar ;  and  these  alternate  actions  and  re-  escape  from  the  situations  where  it  is 

actions  proceed  till  all  action  is  balanced  condensed,  and  return  to  those  where  it 

and  every  thing  remains  quiescent    In  is  rarefied. 

soft  iron  this  is  accomplisned  almost  in  (147.)  Heat,  as  we  have  seen,  weak- 
a  moment :  but  in  steel  the  process  is  ens  and  flnally  destroys  magnetic 
somewhat  different ;  for  its  texture  power ;  its  operation  may  in  like  man- 
presenting  great  impediment  to  the  mo-  ner  be  understood,  by  its  occasioning 
tion  of  the  magnetic  fluid,  the  changes  the  separation  of  the  particles  of  iron  to 
of  distribution  take  place  much  more  a  greater  distance  than  before.  Hence 
slowly,  and  to  a  less  extent  than  thev  do  the  interstices  will  be  enlarged,  and  the 
in  iron.  The  adjacent  end  of  a  steel  bar  obstacles  to  the  motion  of  the  fluid  wUl 
;M>on  acauires  a  degree  of  polarity  oppo-  be  diminished,  or  even  entirely  removed, 
site  to  tnat  of  the  end  oT  the  ma«;iiet  The  ma^etio  fluid  will  thus  be  enabled 
presented  to  it ;  but  the  polarity  of  the  to  re^in  its  natural  state  of  uniform 
same  kind  travels  slowly  onwards,  and  diffusion  amonp;  the  particles.  But  in- 
does  not  reach  the  other  extremity  of  dependently  of  its  mechanical  operation, 
the  hax  till  after  a  considerable  time;  there  are  yet  many  other  ways  m  which 
and  if  the  bar  be  very  long,  may  possibly  heat  may  be  conceived  to  contribute  to 
never  reach  it  the  destruction  of  magnetiim.    It  may 

In  this  last  case,  we  have  a  curious  change  the  action  of  the  particles  of 

phenomenon  produced  from  the  influ-  iron  on  those  of  the  fluid,  or  of  the  fluid 

ence  of  a  secondary  induction ;  namely,  on  each  other,  and  by  altering  the  dis- 

the  appearance  of  a  second  set  of  poles,  tribution  of  the  flukl  with  respect  to  the 

at  a  certain  distance  from  thefirst.  Thus,  particles  of  iron,  may  greatly  affect  the 

if  a  north  pole  has  t)een  presented,  the  law  of  action  l>etween  one  magnet  and 

adjacent  end  of  the  bar  wul  be  a  south  another. 

\5>  a 
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^  ^  .      ,    «,.  41.    It  will  be  fomid  that  almost  the 

i  3.  Cfnrectton  of  jEptnuss  Theory.  ^^^  polarity  that  is  sensible,  afipean 

(148.)  Thus  far  do  the  facts  accord  with 

the  hypothesis  of  i^pinus.  and  thus  far  ^^'  ^*- 
may  we  admit  that  hypothesis  to  be  a  sa- 
tisfactory explanation  of  these  facts.  But 
in  one  important  application  it  entirely 
fails;  it  does  not  explain  the  consequences 
that  are  observed  to  follow  on  the  division 
of  a  mai^et  at  the  neutral  point.  Theorv 

would  lead  us  to  expect  that  we  should,  at  the  two  extremities  N  and  S ;  the 

in  this  case,  obtain  the  different  polari-  intermediate    portions    formed    by  the 

ties  separate,  one  in  one  piece,  and  the  junction  of  the  opposite  poles  n  and  9 

other  m  the  other.    The  fact  we  know  to  beings,  to  all  appearance,  neutraL     If  the 

be  totally  different:  each  part  becomes  series  be  broken  at  any  one  point  as  at 

a  rescular  magnet  with  two  poles,  one  of  F,  the  two  portions  G  and  H  will  imme- 

which  retains  the  character  it  had  before  diately  present  the  properties  of  aepsrate 

the  separation.  magnets,  and  the  new  poles  N'  and  8' 

iEpinus  attempted  to  remove  this  dif-  being  now  separated,  exhibit  their  na- 

ficulty  by  supposmg  that,  in  the  act  of  tural  activity. 

fracture,  a  portion  of  the  fluid  actu-  (151.)  According  to  this  view  of  the 

ally  escaped  from  the  overcharged  pole,  subject,  the  induction  of  magnetism  will 

while  another  portion  entered  into  that  consist,  not  in  the  actual  transferenoe  of 

whk:h  was  undercharged,— effects  which  the  magnetic  fluid  from  one  extremity 

he  conceived    might  result    from  the  to  the  other  of  the  iron  Imut  which  bts 

sudden  change  in  the  balance  of  msg-  been    rendered    magnetic ;    bat   in   a 

netic  forces  consequent  upon  the  frac-  change  of  this  nature  taking  place  in 

ture.   But  this  explanation,  as  Professor  every  particle  individually,  and  by  which 

Robison  remarks,  is  far  from  satisfac-  each  particle  is  converted  into  a  separate 

tory.  magnet. 

(149.)  The  only  rational  mode  of  re-  .  .    ta.w^-..,  ^n.^  TUi^,»^^*i»  xr^v. 

conciling  this  fact  with  the  system  of  *  ^^  Theory  of  two  Magnetic  FluuU. 

iEpinus,  is  to  consider  a  magnet  as  an  (152.)    The  theory  with    respect  to 

aggregfate  of  small  particles  of  iron,  each  magnetism  which  has  of  late  more  gene- 

of  which  individually  has  the  properties  rally  prevailed, 'is  founded  on  the  sup- 

of  a  separate  magnet ;  that  is,  has  two  position,  that  its  phenomena  are  occa- 

poles  of  its  own :  the  arrangement  of  sioned  by  the  agency  of  two  magnetic 

these  particles  being  such  that  all  the  fluids,  residing  in  the  particles  of  iron, 

poles  are  disposed  in  a  regular  order  of  and  incapable  of  quitting  them ;  one  of 

alternation  ;  so  that  in  every  part  of  the  which  fluids  imparts  the  northern  and 

mass  of  iron,  each  pole  of  one  particle  is  the  other  the  southern  polarity.    They 

in  contact  with  the  contrary  pole  of  the  have    been    denominated    respectively 

next  in  the  series.    These  adjacent  poles  the  Austral  and   Boreal  fluids.      The 

of  course  neutralize  one  another,  with  particles  of  each  of  these  two  kinds  of 

regard  to  their  magnetic  action,  and  it  fluids  attract  those  of  the  other,  twt 

is  only  those  which  are  situated  at  the  repel  those  of  the  same  kind.     When  in 

extremity  of  the  line,  and  which  are  not  combination    with    each    other,   these 

associated  with  any  other,  that  consti-  fluids  are  neutral  and  inert ;  each  ht- 

tute  the  active  poles  of  the  entire  mag-  coming  active  only  when  separate.    The 

net.    Hence  it  is  at  the  surface,  and  decomposition   of  the  united  fluids  is 

more  particularly  at    the  extremities,  effected  by  the  inductive  influence  of 

that  polarity  is  manifested ;  and  hence  either  the  one  or  the  other  when  acting 

when  a  magnet  is  broken  across,  the  independently.     It  is  obvious  that,  as 

fractured  ends  at  once  exhibit  the  oppo-  far  as  regards  the  distribution  and  ac- 

site  polarities  they  had  before  possessed,  tion  of  the  two  magnetic  fluids  in  each 

but  which  had   been   masked  by  their  individual  particle,  this  theory  is  pre- 

cohesion.  cisely  similar  to  that  of  the  two  e^tric 

(150.)  A  practical  illustration  of  this  fluids,  of  which  an   account  has  l)een 

view  of  the  subject  may  be  afforded  by  already  given  in  our  Treatise  on  Eleo- 

placing  a  number  of  small  magnets  of  tricity ;  it  is  therefore  unnecessary  to 

equal  strength  in  a  line,  with  their  oppo-  pursue  its  development  in  those  partica- 

site  poles  in  contact,  as  exhibited  '\r\fig.  lars,  for  the  reader  need  only  refer  to 
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that  treatise,  and  tubntituting  the  terms  ever  come  under  the  cognizance  of  our 

austral  and  boreal  fluids  for  those  of  vi-  senses.    Poisson,  who  has  given  us  a 

treous  and    resinous    electricities,  will  beautiful  developement  of  this  theory*, 

find  that  all  the  details  of  the  electrical  designates  these  very  minute  spaces  or 

theory  will  apply  to  that  of  magnetism,  portions  of  a  magnetic  lx>dy  by  the  name 

(153.)  But  however  the  laws  of  the  of  the  magnetic  elements  of  that  l)ody. 
theory  of  a  double  magnetic  fluid  may  There  is  also  no  necessity  for  making 
be  analogous  or  identical  with  those  of  any  particular  supposition  with  regard 
the  theory  of  a  double  electrical  fluid,  to  the  form  or  respective  disposition  of 
their  application  is  somewhat  different  these  elements,  provided  we  smiply  con- 
in  the  two  cases,  in  consequence  of  the  sider  them  as  insulated  from  eacn  other 
difference  of  circumstances  under  which  by  intervals  impermeable  to  eitheV  of 
they  act  The  electrical  fluids,  when  the  magnetic  fluids, 
decomposed  or  separated  from  each  (155.)  The  Quantities  of  each  kind  of 
other,  are  capable  of  being  extensively  fluid  contained  in  every  magnetic  ele- 
transferred  along  the  partides  of  bodies,  ment  must  be  considered,  with  reference 
and  of  being  collected  and  accumulated  to  all  our  experiments,  and  to  all  the 
at  the  surfaces,  where-  they  have  a  powers  we  can  apply,  as  without  limit ; 
tendency  to  escape ;  and  where,  if  that  that  is  to  say,  the  forces  we  can  com- 
tendency  exceed  a  certain  limit,  they  ac-  mand,  in  any  magnetizing  process,  are 
tually  do  escape,  either  passing  into  the  never  sufficient  to  exhaust  or  separate 
bodies  in  immediate  contact,  or  flyins?  the  whole  of  the  fluids.  For,  when  a 
off  through  the  air  to  distant  bodies,  body  is  magnetized  by  the  inductive  in- 
In  this  manner  each  kind  of  fluid  may  fluence  of  a  neighbouring  magnet,  the 
be  separately,  and  in  any  quantity,  trans-  intensity  of  its  magnetic  state,  as  shown 
ferrea  from  one  body  to  another.  No-  by  its  effects,  increases  without  limits  in 
thing  of  this  kind  takes  place  with  proportion  as  we  employ  a  magnet  of 
regard  to  magnetism;  the  magnetic  greater  force ;  which,  of  course,  implies 
fluids  are  never  found  to  quit  the  bodies  that  we  have  not  yet  effected  the  decom- 
to  which  they  are  attached,nowever  small  position  or  separation  of  the  whole  quan- 
those  bodies,  however  intimate  the  con-  tity  of  the  neutral  or  combined  fluid 
tact  with  other  iron,  however  long  the  which  that  bod^  contains.  In  like  man- 
contact  may  be  continued,  and  however  ner,  we  find  it  impossible  to  separate 
powerful  the  forces  by  which  the  fluids  completely  the  two  electric  fluids  con- 
are  impelled.  The  phenomena  conse-  tained  in  any  particular  body, 
quent  on  the  division  or  fracture  of  a  (156.)  Besides  the  obstacles,  which 
magnet  lead  us  also  to  the  conclusion  appear  to  be  insuperable,  to  the  trans- 
that  no  sensible  quantity  of  either  austral  mission  of  the  magnetic  fluids  firom 
or  boreal  fluid  is  ever  transported  from  one  ma^etic  element  to  another,  there 
one  part  to  another  of  the  same  piece  of  must  exist,  in  the  substance  of  certain 
iron  or  steel.  Hence,  m  order  to  accom-  bodies,  some  impediment  of  another 
modate  the  theory  to  these  facts,  we  kind,  which  obstructs  the  motion  of  the 
must  introduce  as  a  new  condition  of  fluids  from  one  part  to  another  of  the 
the  hypothesis  on  which  it  is  founded,  same  magnetic  element.  The  effect  of 
that  within  the  substance  of  a  niag-  thispower,  which  is  somewhat  analogous 
netized  body,  the  two  magnetic  fluids,  to  the  force  of  friction,  is  to  arrest  the 
when  they  are  decomposed  by  the  in-  particles  of  both  fluids  in  the  situations 
fluence  of  magnetizing  forces,  undergo  which  they  occupy;  and  thus  to  op- 
displacements  to  an  insensible  distance  pose,  in  the  first  place,  the  separa- 
only.  tion  of  these  fluids,  and,  in  the  next, 

(154.)    It  is  not  necessary  to  deter-  their   return   to    the    situations    from 

mine    whether  .the    extremely    small  which  they  had  l)een  displaced,    and 

spaces,  within  which  these  displacements  where  they  would  unite  to  recompose  a 

and  motions  of  the  magnetic  fluids  are  neutral  fluid.    This  force  is  termed,  by 

restricted,  be  actually  the  same  as  the  Poisson,  the  coercive  force.  In  soft  iron 

spaces  occupied  by  the  constituent  mole-  the  coercive  force  is  either  wanting,  oi 

cules  of  the  iron ;  it  is  sufficient  for  the  is  extremely  feeble ;  in  steel  and  in  the 

purposes  both  of  theory  and  of  the  cal-  loadstone  it  is  very  energetic ;  and  it 

culations  founded  upon  that  theory,  that  exists  in  various  degrees  of  intensity  in 

they  l>e  extremely  small  in  comparison  ' 

with  the  whole  volume  of  the  body,  or       •  *lS"**lf  A*  """^V"*  l?.*^  llU'^Hc,  \i"U"  ?' 

..    .,  11     X     !•  Ai-    A  *47.    T*.e  Introduclioii  to  thi»  memoir  l»  %v^«.vk\\w 

even  With  the  smallest  dim(*nxions  that  tbeAnoaiM<ieChimu,iotu«xxx..v.vv^ 
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different  kinds  of  steel.  This  coercive  as  we  have  Just  seen  exemplifted  in  the 
force,  which  exists  in  iron  with  regard  case  of  the  simple  filament.  These 
to  the  magnetic  fluids,  is  analogous  in  lines  or  filaments  will,  in  general,  be 
all  respects  to  the  resistance  which  curved;  the  nature  of  the  carvatures 
glass,  lesin,  and  other  non-conducting  depending  on  the  form  of  the  body,  and 
bodies,  present  to  the  passage  of  the  on  the  external  forces  which  act  on  the 
electric  fluids  through  their  substance,  two  fluids.  They  are  termed  by  Poisson 
Having  thus  established  the  founda-  UnegofmagneHtaHonttaidmnybeeon" 
tions  of  the  hypothesis  of  a  double  maj^-  sidered  as  constituted  by  series  of  mag- 
netic fluid  adopted  to  the  particular  cir-  netic  elements,  following  one  another  in 
cumstances  of  the  case,  we  must  next  en-  the  same  regular  consecutive  order  of  po- 
deavour  to  ascertain  precisely  the  distri-  lar  arrangement.  We  have  to  determine, 
bution  of  the  austral  and  boreal  fluids  in  then,  for  each  point  of  the  body  which 
magnetized  bodies,  conformably  with  is  the  subject  of  investigation,  tM  diree- 
these  principles ;  and  afterwards  exa-  tion  of  the  line  of  magnetixation,  which 
mine  the  nature  of  their  combined  ac-  is  also  the  line  of  polarity ;  and  the  ac- 
tions upon  bodies  at  a  distance.  tion  of  the  magnetic  element  on  any 

(157.)  For  this  purpose,  we  may  first  other  point  given  in  position,  either 
take  the  simpler  case  of  a  cylindrical  within  or  without  the  body.  This  action 
needle  of  soft  iron,  of  very  small  dia-  is  the  diff^erence  of  the  (bnses  exerted  by 
meter,  and  of  any  given  length,  as  re-  the  two  fluids  contained  in  the  element, 
presenting  an  elementary  longitudinal  arising  from  the  slight  separation  of 
filament  of  that  metal.  In  the  natural  the  austral  and  boreal  particles,  which 
state  of  the  needle,  the  two  fluids  it  constitutes  the  state  of  polarity.  It.may 
contains  are  united  in  equal  proportions  excite  surprise  that  forces  depending  on 
tliroughout  its  substance,  so  that  their  such  small  difierential  distances  ai 
actions,  being  equal  and  opposite  at  those  of  the  two  centres  of  austral  and 
all  distances,  totally  destroy  each  boreal  forces  in  each  magnetical  element, 
other,  and  no  sign  of  magnetism  is  ex-  should,  nevertheless,  be  capable  of  pro- 
hibited. If  we  next  suppose  these  fluids  ducing  mechanical  effects  so  conside- 
to  be  subjected  to  the  action  of  mag-  rable  as  those  exhibited  by  the  magnetic 
netizing  forces,  proceeding  from  one  or  attractions  and  repulsions  of  bodies.  By 
more  centres,  situatcil  in  the  line  of  the  applying  to  the  subject  the  methods  of 
axis  of  the  needle  produced,  these  analytical  investigation,  Poisson  arrived 
forces  will  now  cause  the  fluids  to  sepa-  at  the  conclusion,  that  the  result  of  the 
rate  from  each  other  ;  hut  each  particle  action  of  all  the  magnetical  elements  of 
of  austral  or  boreal  fluid  can,  by  the  hy-  a  magnetized  body  is  a  force  equivalent 
pothi'sis,  move  only  a  verj-  short  distance  to  the  action  of  a  very  thin  stratum,  co- 
from  its  primitive  situation ;  and  the  verinc:  the  whole  surface  of  the  body, 
two  fluids,  in  their  new  arrangement,  and  formed  of  the  two  fluids,  the  anslr;l 
will  succeed  each  other  alternately,  and  the  boreal,  occupying  different  part « 
throughout  the  length  of  the  needle,  of  it.  We  have  a  similar  instance  in  the 
which  will,  accordingly,  be  divided  into  case  of  electrical  attractions  and  refml- 
very  small  portions,  composing  a  series,  sions  of  mechanical  effects,  somerinies 
each  part  of  which  will  contain,  as  it  did  very  powerful,  being  produced  hy  strata 
in  the  neutral  state,  the  two  fluids  in  of  fluids  collected  at  the  surfaces  of  con- 
equal  quantities.  The  united  actions  of  ductors,  and  having  a  thickness  so  ex- 
every  particle  of  decomposed  fluid  in  ceedingly  minute  as  to  be  inaj)preciati!e 
this  scries  upon  a  particle  of  magnetic  by  any  of  our  senses.  As  these  obsened 
fluid  in  any  particular  situation,  comjx)se  effects  of  the  two  magnetic  atrents  rt-suh 
a  resultant  force,  the  intensity  and  di-  only  from  the  differences  of  t\%o  c«>n- 
rcction  of  which  remain  to  be  deter-  trary  poweis,  we  can*  form  no  est im ale 
mined  by  the  application  of  mathemati-  ftf  the  real  magnitude  of  the  forces  l>e- 
cal  analysis.  longing  to  each  separate  power,  that  is. 

(158.)  We  may  now  proceed  to  con-  to  each  of  the  two  portions  of  austral  ur 

sidcr  the   more  com[)licated  i  nse  of  a  boreal  fluid  belonging  to  the  same  maL'- 

maguetizetl  body  of  indeiermniate  form  netic  element ;    but  can  only  infer  that 

and  dimensions.  Attention  must  here  be  they  arc  incomparably  greater  than  tlie 

paid  to  the  lines  or  directions  in  which  resulting  forces  which  are   actually  in 

the  separation  of  the  two  fluids  takes  o{)eration,  and  of  which  we  witness  the 

place  throuijhout    its    substance,    and  effects, 

m  which  they  are  arranged  alternately,  (159.)  In  the  memoir  on  the  Tlieoi* 
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of  Magnetism,  already  referred  to,  M.  account,  it  wiU  then  be  sufficient  for  the 
Poisson  deduces,  from  the  theory  above  magnetic  equilibrium  that  the  resultant 
stated,  the  analytical  equations  which  of  all  the  exterior  and  interior  forces, 
express,  for  all  possible  cases,  the  laws  acting  upon  any  point  of  the  body,  no- 
of  the  distribution  of  magnetism  within  where  exceeds  the  given  magnitude  of 
bodies  that  are  rendered  matoietical  by  the  coercive  force :  so  that,  in  this  case^ 
induction,  and  those  of  the  actions,  whe-  the  equilibrium  may  take  place  in  an 
ther  attractive  or  repulsive,  which  they  infinitude  of  different  ways,   and    the 
exert  on  points  given  in  position.    The  problem  is,  in  this  respect,  wholly  inde- 
first  problem  to  be  resolved  is  to  reduce  terminate.    This  indeterminateness  is  a 
the  resultants  of  all  the  attractions  and  source  of  considerable  difficulty  in  the 
repulsions  of  the  magnetic  elements  of  resolution  of  questions  of  this  nature. 
a  magnetized  body,  of  any  imaginable  The    following    general    consequence, 
form,  on  such  points,   situated  either  however,  may  w  deduced    from    the 
within  or  without  the  surface,  to  three  equations    of     magnetic    equilibrium 
directions  at  right  angles  to  one  another,  formed  in  the  manner  above  described ; 
By  addins:  to  the  resultants  which  relate  namely,  that  although  in  a  solid  body, 
to  any  interior  point  those  of  the  ex*  magnetized  b)r  induction,    the   austral 
temal  magnetic  forces  which  act  upon  and  boreal  fluids  are  distributed  in  an 
the  body,  he  obtains  the  whole  forces  active  state  throughout  the  whole  mass 
which  tend  to  separate  the  two  fluids  of  that  body,  yet  the  attractions  and  re- 
that  are  united  at  that  particular  point,  pulsions  which  it  exerts  externally  are 
Were  the  matter  of  the  body  to  oppose  precisely  the  same  as  if  they  proceeded 
no  sensible  degree  of  resistance  to  the  from  a  very  thin  stratum  of  each  fluid, 
displacement  of  the  fluids  in  each  mag-  occupying  the  surface  only,  both  fluids 
netic  element,  or,  in  other  words,  if  there  being  in  equal  quantities,  and  distributed 
were  no  coercive  force,  it  would  be  ne-  in  such  a  manner  as  that  their  total  ac- 
cessary, in  order  that  there  might  be  an  tion  upon  all  the  points  io  the  interior 
equilibrium,  that  the  attractions  and  re-  of  the  body  is  equal  to  nothing.     If  the 
pulsions  should  destroy  one  another ;  or,  body  be  hollow,  or  contain  an  empty 
speaking  algebraically,  that  their  sum  space  within  it,  and  if  the  centres  from 
should  be  equal  to  zero;  since,  if  any  of  which  magnetic  forces  proceed  l)e  situ- 
them  were  uncompensated,  they  would  ated  within  this  space,  the  body  must 
effect  a  new  decomposition  of  the  neutral  be  considered  as  terminated  by  two  thin 
fluid,  which  may  be  regarded  as  inex-  strata  of  fluid,  situated,  the  one  on  the 
haustible,    and   the  magnetic   state  of  external,  and  the  other  on  the  internal 
the  body  would  be  altered.    The  sum  of  surface;   and  the  action  of  these  two 
the  resultants  must,  therefore,  be  made  strata  on  any  point  within  the  substance 
equal  to  zero,  with  respect  to  each  of  the  of  the  body,  joined  to  that  of  all  the 
three  rectangular  directions  to  which  given  centres  of  magnetic  action,  must 
they  are  referred.      The  equations  of  produce  a  perfect  equilibrium;  and,  in 
equilibrium,  thus  formed,  will  always  be  this  c&se,  the  two  fluids  may  be  in  diffe- 
possible,  and  the)r  will  serve  to  deter-  rent  quantities  in  each  of  the  thin  strata, 
mine,  for  each  point  of  a  magnetized  provided  that  they  be  always  in  equal 
body,    the  three    unknown  quantities  quantities    in  the  two  surfaces  taken 
which  they  comprehend;  namely,  the  together. 

intensity  of  the  action  of  a  magnetic  ele-  (161.)  Thus  it  appears,  that  the 
ment  on  a  given  point,  and  the  two  an-  theory  of  magnetic  attractions  and  re- 
gies which  determine  the  corresponding  pulsions  is  reduced  to  the  same  princi- 
diredion  of  the  line  of  polarity.  At  the  pies,  and  leads  to  the  same  formulae,  as 
extremities  of  each  element,  these  joint  the  theory  of  electric  forces  in  conduct- 
resultants  will  not  vanish ;  they  will  ing  bodies ;  and  the  perfect  correspond- 
give  rise  to  pressures  from  within  each  ence  between  the  two  may  be  illustrated 
element,  tending  outwards,  and  counter-  in  the  following  manner.  We  may  sup- 
balanced  by  the  obstacle,  of  which  the  pose  an  af^gregate  mass  composed  of 
nature  is  unknown,  but  which  opposes  minute  grains  of  metal,  or  other  con- 
the  passage  of  the  fluid  from  one  ele-  ductor  of  electricity,  each  grain  being  of 
ment  to  another,  and  also  its  escape  from  so  small  a  size  that  its  dimensions  may 
the  surface.  be  neglected  in  comparison  with  the 
(160.)  When  the  coercive  force  of  whole  mass,  and  each  neing  surrounded 
the  magnetized  body  is  also  taken  into  b?  a  substance  impermeable  to  electri. 
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cilyvbut  not  sensibly  adding  fo  its  bulk,  tained  in  this  case,  it  appears  thai  al 
On  bringing  a  body  tnus  constituted  near  thous^h  the  majrnelism  is  bv  no  means 
an  electrified  body,   every  one  of  the  confined    to   the    superficial  strata  of 
grains  would  immediately  become  elec-  the  sphere,  and  althou8:h   its  infensity 
trical  by  induction;  and,  m  this  condition  may  be  determined  for  any  particular 
of  the  body,  it  has  been  mathematically  point  of  the  solid  mass  of  the  shell,  yet  the 
proved  that  the  attractions  and  repulsions  magnitude  of  the  three  component  forces 
which  the  body  would  exert  externally,  produced  by  it  is  wholly  independent  of 
would  be  the  same  with  those  of  a  ho-  the  thickness  of  the  shell,  and  is  deter- 
mogeneous  conducting  body  of  the  same  mined  only  by  the  radius  of  the  external 
form  and  size,  subjected  to  the  same  ex-  surface,  and  by  the  co-ordinates  tielong- 
temal  forces:   although,  in  the  latter  ing  to  the  position  of  the  point  on  whidi 
case,  the  two  electric  fluids  would  l>e  the  forces  act.    When  the  distance  of 
transferred  to  the  opposite  extremities  this  point  from  the  centre  of  the  sphere 
of  the  body,  while,  in  the  former,  they  is  very  great,  compared  with  the  radius, 
would  be  obliged  to  remain  in  the  con-  each  of  the  three  forces  is  very  nearly  as 
stituent  masses  to  which  they  originally  the  cube  of  the  radius  directly,  and  as 
l)elonged.    An  electrical  body,  consti-  the  cube  of  the  distance  inversely.    We 
tuted  in  the  manner  here  supposed,  pre-  shall  have  occasion,  in  a  future  chapter. 
sents  us  with  a  disposition  exactly  analo-  to  notice  the  remarkable  coincidenoe  of 
gous  to  that  of  a  magnetical  body ;  and  the  results  of  observation  with  the  de- 
is  therefore  calculated  to  g:ive  us  a  very  ductions  from  this  theory,  affbrdir^a 
distinct  idea  of  the  distribution  of   ttie  very  important  confirmation  of  the  ae- 
magnetic  fluids  when  that  body  is  mag-  curacy  both  of  the  analysis  itself,  and  of 
netized.    The  electricity  inherent  in  the  the  theory  from  which  it  is  derived. 
ourmaline  appears  to  l^e  disposed  in  the        (164.)  In  a  subsequent  memoir*.  M. 
manner  above  described ;  and  this  stone  Poisson  extends  his  researches  so  ss  to 
acc'ordim^ly  affords  an  excellent  illus-  obtain  a  more  diversified  comparison  of 
tnition  of  the  hypothesis  under  our  con-  the  theory  with  the  phenomena;  and 
sideration.    See  Electricity,  §  197.  with  this  view  resolves  the  general  cqua- 

(16*2.)  Another  general  consequence  tions  he  had  before  established,  in  the 
of  the  theory  is,  that  a  magnetic  needle,  case  of  bodies  having  forms  less  simple 
placed  in  the  interior  of  a  hollow  sphere  than  that  of  the  sphere.  Such  a  resolu- 
of  soft  iron,  and  so  small  as  not  to  exert  tion,  however,  is  attainable  only  in  a  very 
any  sensible  influence  on  the  sphere,  will  limited  numl)er  of  cases,  of  which  the 
not  be  subject  to  any  magnetic  action  elliptic  spheroid  is  an  example.  After 
from  a  magnetic  force  proceeding  from  givmg  the  formulae  relating  to  a  spherciid 
a  point  external  to  the  sphere;  or,  in  of  which  the  axes  have  any  ImaginaMe 
other  words,  all  magnetic  action,  whe-  relations  to  each  other,  he'  particularly 
ther  of  the  earth  or  of  any  number  of  considers  the  two  opposite  cases  of 
magnets  placed  without  the  hollow  spheroids  extremely  flattened  and  ex- 
sphere,  will  be  completely  intercepted  by  tremely  elongated.  The  former  mayre- 
the  sphere  with  reference  to  all  magnetic  present  a  plate,  of  which  the  thickness 
bodies  contained  in  its  interior.  And  varies  very  slowly  near  the  centre,  arid 
conversely,  such  hollow  sphere  will  decreases  from  the  point  to  the  chcum- 
totally  prevent  the  action  of  a  magnet  ference;  for  its  action  on  points  near  its 
placed  within  it  from  being  exerted  on  centre  must  be  sensibly  the  same  as  f hit! 
any  body  placed  without  the  sphere.  of  any  other  plate  of  uniform  thicknes!« 

(163.)  The  formula3  derived  from  this  and  of  very  great  extent.     The  latter,  or 

theory  have  been  implied  by  Poisson  to  the    extremely  elongated    spheroid,  ap- 

another  case,  which,  as  we  shall  after-  proaches  very  nearly  to  the  form  of  a 

wards  find,  is  one  ot  considerable  prac-  needle  or  bar,  of  which    the  diameter 

ticnl  importance  in  navigation,  namely,  decreases  from  the  middle  to  the  extre- 

that  of  a  hollow  sphere  of  iron,  magnet-  mities,  varying  at  first  ver>'  slowly  ;  and 

ized  by  the  influence  of  the  earth,^that  its  action  on  points  near  its  middle  can 

is,  by  the  action  of  a  force  of  which  the  difter  but  little  from  that  of  a  bar  ol 

origin  is  very  remote,  and  v\hich  may,  which  the  diameter  is  constant,  and  ver) 

therefore,  be  considered  as  uniform  m  small  in  proportion  to  its  length.     The 

magnitude,  and  acting  in  parallel  direc-  consitleration  of  these  three  cases,  whici 

tions  on  all  the  points  of  the  bo<ly  in  readily  admit  of  the  application  of  the 

question.     From  the  resolution  of    the  analytical  formulae,   is  of  consideralile 
tqualions  of  magnetic  equilibrium  ob-  *  Mcmoireb  dc  i'i'i7»TiT^t,  ium«  v..  p.«L 
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Importance,  as  they  allow  ot  a 'strict  (167.)  Professor  Prevost,  of  Gen^a*, 
comparison  of  the  results  of  ex^teriment  has  laboured  to  frame  a  theory  of  mag- 
wit  h  the  deductions  from  theory;  and  net  ism  which  shall  dispense  with  all  at- 
the  accurate  accordance  which  has  been  tractive  or  repulsive  agencies,  and  in 
obtained  between  them,  in  every  instance  which  all  the  phenomena  shall  be  re- 
in which  such  a  comparison  has  been  solvable  into  tne  effects  of  impulsion, 
institated,  affords  the  strongest  evidence  For  this  purpose  he  admits  two  magnetic 
of  the  correctness  of  the  views  on  which  fluids,  each  giving  its  respective  polarity 
that  theory  is  founded.  to  the  two  ends  of  a  magnet,  and  neu- 
(165.)  It  has  already  been  observed  tralizing  each  other  by  combination ;  but 
that  we  have  no  data  for  determining  adopting  the  hypothesis  of  Le  Sage,  as 
the  question  as  to  the  size  of  the  mag-  to  the  existence  of  another  infinitdy 
netic  elements,  compared  with  that  of  more  subtile  fluid,  pervading  all  space, 
the  constituent  molecules :  we  know  not  and  giving  rise  by  its  inconceivably 
whether  they  are  coincident  with  these  rapid  movements  to  all  the  phenomena 
molecules,  or  whether  they  occupy  only  of  gravitation,  cohesion,  and  chemical 
the  interstices  between  the  molecules:  attraction,  he  supposes  the  magnetic 
neither  can  we  determine  whether  they  fluids  themselves  to  be  set  in  motion  by 
do  not  actually  comprehend  certain  de-  this  primary  and  universal  agent.  But 
finite  aggregates  of  molecules,  or  whe-  it  would  be  impossible  in  this  place  to 
ther  they  are  constituted  in  the  intervals  engage  in  the  development  of  so  abstruse 
of  these  aggregates.  All  that  we  can  and  complicated  a  system  as  this. 
be  certain  of  is,  that  the  sum  of  all  the 

magnetic  elements,  added  to  the  sum  of  Chaptbr  V. 
all  tne  unmagnetic  elements  (that  is,  the  ,,  ^t  j  ^  ...  ^  .-^  •  .  «^ 
spaces,  whether  occupied  by  matter  or  ^«^«»  «/  maktng  Artifiaal  Magnets. 
not  which  are  devoid  of  magnetic  fluid).  j  1  q^„^  PrincipUs. 
must  together  make  up  the  total  appa-  ^ 
rent  volume  of  the  body  under  conside-  (168.)  Thr  art  of  communicating  mag- 
ration.  Now  the  ratio  between  these  netic  power  to  bodies  capable  of  retaining 
two  sums  may  vary,  not  only  in  different  it,  is  founded  on  the  proper  application  of 
kinds  of  bodies,  but  also  in  the  same  the  principles  already  explamed ;  and 
body,  in  different  circumstances.  It  the  practical  results  of  experience  in  this 
may,  for  instance,  be  very  materially  af-  art  have,  as  might  be  expected,  furnished 
fected  by  changes  of  temperature;  and  some  of  the  most  interesting  illustra- 
this  consideration  will  probably  furnish  tions  of  the  theory  of  magnetism.  We 
a  key  to  the  explanation  of  many  of  the  have  seen  that  acquired  magnetism  of 
anomalous  appearances  we  have  already  every  kind,  whether  temporary  or  per- 
had  occasion  to  notice  in  }  49.  manent,  of  which  the  origin  can  be 
(166.)  The  hypothesis  of  two  mag-  traced,  has  been  derived,  by  induction, 
netic  fluids  was  flrst  propounded  by  from  a  similar  power  already  existing  in 
Wilke  and  BruRrmann ;  but  tne  first  real  some  other  body.  In  this  respect,  then, 
^  foundations  of  the  theory  were  laid  by  it  differs  from  electricity,  which  may  be 
'  Coulomb,  who,  by  the  exercise  of  sin-  elicited  from  bodies  all  of  which  were 
gular  perseverance  and  sagacity,  pre-  previously  in  a  neutral  state,  by  a  variety 
pared  and  established  all  the  physical  of  processes  either  of  a  mechanksal  or 
principles  upon  which  it  rests.  It  has  chemical  nature.  But  the  body  which 
recently  occupied  the  attention  of  Puis-  is  the  cause  of  magnetism  in  another 
son,  and  appears  to  have  received  its  body  must  itself  be  in  an  active  state  of 
last  finish  from  his  masterly  hand ;  for  magnetism,  and  may  be  either  a  magnet, 
by  applying  to  it  the  refinements  of  mo-  whether  natural  or  artificial,  or  else  it 
dem  analysis,  this  distinguished  mathe-  must  be  the  dobe  of  the  earth  itself:  it 
matician  has  succeeded  in  discovering  is  therefore  highly  probable,  that  the 
formcdae  which  represent,  numerically,  magnetism  of  the  earth  is  the  original 
all  the  principal  phenomena  of  the  sci-  source  of  all  other  magnetism.  This 
ence,  even  in  their  minutest  details,  and  view  of  the  subject  excludes,  of  course, 
which  furnish  us  with  a  ready  and  con-  all  consideration  of  electro-magnetic  in- 
sistent explanation  of  the  physical  mode  fluence,which  belongs  to  another  division 
by  which  they  are  produced.*  of  the  science,  hereafter  to  be  treated  of. 
_ . '  It  will  then  be  shewn  that  electricity  in 

•  A  p«paUr  Tlew  of  Uib  theory  ti  given  by  Blot, — 

Id  ft  note  to  bte  French  trantlaUon  of  Fiscber'i         *  Sar  FOrigine  dct  Forcec  MagniUqnee.    8vo. 

Pbyskqac  If  tebanlque.  4tb  edition,  page  ai2.  Oentre.  1786. 
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motion  is  a  source  of  mafoietism,  and  reipeet,  should  be  provided.    We  have 

that  strornc  grounds  exist  for  the  belief,  already  seen  that  a  certain  degree  o( 

that  even  the  magnetism  of  the  earth  has  magnetism  may  be  given  to  each  of  these 

its  origin  in  electric  currents  circulating  bars  bv  a  few  blows  with  a  hammer, 

round  the  equatorial  regions.  while  they  are  held  in  a  vertical  position 

In  giving  an  account  of  the  methods  ((  6).  This  effect  results,  as  we  have  also 

of  procuring  artificial  magnets,  we  shall  seen  (§  107),  from  the  direct  inductive 

bc^n  with  those  which  depend  solely  on-  power  of  the  earth.    But  the  efficacy  of 

this  source  of  magnetic  power,  and  which  this  power  will  be  venr  considerably  in- 

would  enable  us  to  obtain  them  if  we  creased,  if  it  be  combined  with  the  in* 

were  unprovided  with  any  instrument  ductive  influence  of  other  masses  of  iron 

previouslymagnetized.  placed  near  it,  or  in  contact  with  it :  not- 

(169.)  The  success  of  every  plan  that  withstanding  the  iron  iXadl^  which  thus 
can  be  put  in  practice  for  obtaining  adds  to  the  effect,  derives  its  own  power 
magnets  must  depend  on  two  circum-  from  the  same  source,  namdy,  the  mag- 
stances  :  first,  the  efficacy  of  the  indue-  netism  of  the  earth.  Thus,  Mr.  Scoresby 
tion ;  and,  secondly,  the  fixation  of  the  found  that  a  steel  bar  whidi  acquired  a 
magnetism  that  has  been  induced.  That  feeble  magnetism  b]r  being  tuimmered 
(quality  and  temperament  of  steel  which  vertically  when  restin^^  upon  stone  ur 
is  most  favourable  to  the  former,  is  least  pewter,  received  a  considerable  accession 
favourable  to  the  latter  of  these  objects ;  of  power  when  subjected  to  the  same 
but  various  methods  may  be  devised  degree  of  hammering  while  it  was  placed 
which  shall  answer  both  these  intentions,  upon  a  parlour  poker,  also  kept  in  a  ver- 
The  particular  purposes  intended  to  be  tical  position;  The  poker,  under  thne 
answered  by  the  maj^etic  instrument  we  circumstances,  became  strongly  msff- 
are  constructing,  will  frequently  deter-  netic,  and  in  this  state  exerted  upon  the 
mine  our  preference  of  one  or  other  of  bar  a  much  more  powerful  inductive  in- 
these  methods,  as  well  as  guide  us  in  Ihe  fluence  than  the  earth  alone  could  hate 
choice  of  the  material  to  l^  used,  and  of  done.  Hence  Ihe  magnetism  of  an  iron 
the  form  and  dimensions  to  be  given  bar,  although  1eroi>orary  and  dependent 
to  it.  on  position  alone,  may  serve  as  a  very 

(1 70.)  Magnetism  is  most  readily  com-  important  auxiliary*  in  the  development 
niunicaled  to  an  unmagnetic  bar  of  iron  of  the  magnetism  m  steel  bars,  which  i« 
or  steel  by  means  of  certain  combina-  capable  ol;  being  permanently  retained, 
tions  of  steel  bars  alr»»ady  magnetized  This  is,  in  fact,  the  ^at  principle  on 
to  saturation,  which  combinations  may  which  the  art  of  making  artificial  mag- 
be  regarded  as  highly-charged  magnetic  nets  of  hijjh  power  is  founded, 
batteries  ready  for  action,  and  capable  (172.)  The  effect  of  the  auxiliary  iron 
of  exerting  a  powerful  influence,  in  in-  bar,  or  of  the  poker  used  in  the  above 
ducing  map^netism,  on  all  the  iron  in  experiment,  is  greater  in  proi)ortion  as 
their  vicinity.  But  an  apparatus  of  this  it  is  longer ;  but  as  it  would  not  be  con- 
kind  cannut  at  all  times  be  commanded,  venient  to  employ  a  bar  of  iron  beyond 
nor  can  it  at  once  l)e  constructed:  it  a  certain  length,  the  magnetizing  procesi 
must  be  the  result  of  a  long  preliminary  may  be  continued  by  the  aid  of  a  still 
process,  of  which  the  object  is  to  impart  more  powerful  auxiliary,  namely,  ver^- 
to  each  single  bar  additional  quantities  long  bars  of  soft  steel.  Mr.  Scoresl)y 
of  magnetism,  until  it  has  acquired,  by  provided  himself  with  two  bars  of  this 
gradual  stej)s,  the  full  measure  it  is  description,  thirty  inches  long,  and  one 
capable  of  retaining.  We  shall  first,  inch  broad  ;  and  also  with  a  large  bar  of 
then,  point  out  the  methods  of  mag-  soft  iron.  This  iron  bar  was  first  baro- 
netizing those  bars  which  are  to  com-  mered  in  a  vertical  position.  It  was 
j)ose  the  apparatus  or  battery  just  men-  then  laid  on  the  ground,  with  its  acquimi 
tion^d.  south  pole  towards  the  south,  and  upon 

^  2.  Method  by  Percussion,  ^^^^  ^"^  ^^  >^  ^^^^  ^*'"g«  steel   bars  were 

madeto  rest  while  they  were  hammeitd; 

(171.)   Ihe   most   advantageous  form  they  were  also  hammered  uiwn  each 

for  the  steel  bars  that  are  to  be  employed  other.     On  the  summit  of  one  of  the 

for  this  purpose,  is  that  of  a  rectangular  large  steel  bars,  each  of  the  small  ban 

pnsm,  of  which  the  length  is  about  ten  (which  were  eight  inches  long,  and  half 

times  the  breadth,  and    about    twenty  an  inch  broad),  held  also  verficallv  wu 

times  the  tluckness.     Six   or  eight  bars  hammered  in  succession.     In  a  few  mi- 

uf  this  kind,  and  uf  equal   size  in  every  nutes  they  had  all  received  considerabll 


\\ 


MAGNETISM.  4J 

magnetic  power.  He  then  had  recourse  moter  end  it  is  more  difiPiised  and  there* 
to  other  methods,  of  which  we  are  pre-  fore  less  enenretic  Tliis  inequality  is 
sently  to  speak,  for  still  further  increas-  in  a  great  measure  remedied  by  em- 
iag  their  power,  till  they  were  saturated  ploying  two  nufipiets  of  as  nearly  eaual 
with  raaioietism.  power  as  ]>os8ible,  with  their  dissimilar 
(a 73.)  It  may  here  be  remarked,  that  poles  fronting  each  other,  and  placing 
in  this,  as  well  as  in  every  other  method  the  needle  to  be  magnetized  in  a  line 
for  procuring  artificial  magnets,  we  ad-  between  them;  as  2iown  in  Jig,  43. 
▼ance  only  by  successive  steps,  gaining  _ 
a  little  additional  power  by  eadi  sue-  ^^^^^^^^^^'  ^^' 
cessfiil  process,  iod  employing  that  BHHHHB9BI^^'4B 
which  has  been  acquired  by  one  bar  q-^  ^w.^  ^t  u  u:  *•  • 
in  contributing  tcTthe  increase  of  tT  *^^  of  such  a  combination  is 
the  power  of  another;  whUe  this  in  f^f^l  ™°«  l^^""  twice  as  pat  as 
its  tSrn  gives  us  the  means  of  re-  *^**ff  each  of  tiie  magnets  wTien  em- 
acting  upon  the  first.  Tins  we  are  P^^^*  •  "8^^'  ^^  »  ^P«^^  however, 
CTi^edtSdo  in  consequence  of  the  re-  r^.^i  «^«7  Ff^"t'<>n.  always  to 
markable  circumstance  Attending  the  in-  ^^"^  the  supennductipn  of  consecutive 
dnction  of  magnetism,  and  to  which  we  P°JS?  '"  intermediate  parts  of  the 
have  already  adverted  ($  23  x  namely,  ^rrlt\  ^n,^  ^  •  ,  u  ,  - 
that  the  power  of  the  ma^et  which  ei-  /i!5\>  7^«  Pnncipje  we  have  abeady 
dtes  magnetism  m  anoth^  body,  is  it-  ^l^  *®'  ®'J***  mcrease  of  power 
self  increased,  instead  of  being  diminish-  "^^^  *  magnet  acquires  by  mducing 


iontiniil'"inciiMe^    limited    6niy    by  P^«<^»ng  «we.     If  a  long  bar  of  soft 

their  capacity  for  receiving  and  retain-  |"^"  ^  W^fd  ♦»\««^^  of  the  poles  of 

ing  magnetism  magnets  which  are  most  distant 

1l  74^  After' having  in  this  way  mag-  ^;SSJ^\"^^®  *""  be  subjected  to  their 

netized,  by  the  hdp^  terrestrial  mag-  *^"'  ***«  P^'?!,''^  l^^  "*«"®^*  "^'^^  ^ 

netism.  a  certain  number  of  steel  b^,  !!?*iil"«^^"*^«  A  more  convenient, 

we  mayproceed  with  them  in  imparting  f^^P?'^*!?  equally  efficacious  met h(>d 

magnetic  to  others;  and  beinVthvi  '  Vk"*!    TS^^.x     Ti   PuP""^^^^^^ 

pn^ed  wUh  a  stronger  power,  may,  in  *^  ^"^^  ""^^^^  (/^-  4'^>»  "^^^^  ^^^  ^^^^ 

oar   subsequent    operations,    dispense  Fig.  44. 
with  that  which  we  liad  at  first  em- 
ployed. 


i  3.  MMod  by  Hmple  Juxtapontion, 

(175.)  Simple  induction  hy  juxtapo-  **  jj 

siHon  with  one  or  more  powerful  mag-  ^ar  c.  to  be  magnetized,  is  in  contact 

v«  ^Ijl*^^!?!     TiTi^W^l^  ^ith  the  two  Similar'  poles  at  o^e 

^Tun^trffident^^^^^^  SS^ Wl^ta^ Vsl%r^n^ V  '"^""T 

inwntact  with  one  of  the  poles  of  a  S^  ^^  *  ^*'^'''** "''''"' ?*  i^"^^ 

magnet,  m  the  manner  repreLnted  in  &i3u^n  ?/ho?^^^^^^  .^^5 

tl^oUowing   figure    (a/  42)  ;    be-  {^ i^^  i^^^^^^ 

Pig,  42.  powerfmly  in  strengthening  the  magnets 
^^^^^^^^^n^BMi  themselves ;  and  the  needle  which  con- 
nects their  other  poles  participates  in 
came,  although  the  small  bar  or  needle  this  augmentation  of  effect.  These 
becomes  magnetic  by  remaining  a  suffi-  auxiliary  pieces  of  soft  iron,  which  serve 
cient  time  subjected  to  the  influence  of  to  retain  and  concentrate  the  magnetism 
the  large  magnet,  vet  we  find  that  its  of  ateel  bars,  are  called  armaiures. 
two  ends  do  not  exnibit  a  magnetism  of  (177.)  Were  the  theoi^  of  iSpinus,  in 
equal  strength.  That  which  has  been  in  its  original  form,  perfectly  correct,  no- 
contact  with  the  magnet  appears  to  be  thing  more  would  be  required  for  im- 
the  most  powerful,  in  consequence  of  its  pre{|;nating  steel  bars  with  all  the  mag- 
magnetism  bein^more  concentrated  at  netism  they  are  capable  of  receiving  than 
the  Teiy  extremity ;  while  in  the  re-  foUowing  the  methods  we    have   now 
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pointed  out.    But  we  have  seen  reason  which  it  b  first  applied  will  first  heeoiM 

to  conclude  that  this  theory  can  be  ap-  a  south  pole,  and  the  portions  at  a  litlk 

plicable  only  to  the  minutest  individual  distance  from  that  end  Will  acquire  ss 

particles  of  which  ma^etic  bodies  are  equal  degree  of  northern  polaiity.    But 

composed,  and  that  a  mai^net  should  as  the  magnet  advances  aumg  the  bar.i 

really  be  viewed  as  an  atnpregate  of  an  similar  change  will  be  induced  in  eieh 

indefinite  number  of  minute  magnets,  successive  particle  of  the  surface  whieh 

This  consideration  cannot  but  have  an  it  approaches   and    touches ;    that  is. 

important  influence  on  the  art  of  impart-  each  particle  will  now  be  converted  into 

ing  mas^netism  to  such  an  aggregate;  a  south  pole,  although  it  had  before  heeo 

as  it  will  lead  us  to  a)>ply  our  means  to  rendered  a  north  pole.    In  as  far  as  this 

effect,  as  far  as  it  is  in  our  power,  a  takes  place,  theremre,  the  advance  of  tlie 

change  in  the  magnetic  state  of  each  magnet  reverses  thj;  effect  it  had  at  fint 

portion  of  the  aggregate.    1'he  greater  produced.     In  likfe  manner,  the  ma^^ 

the  {iroximity  of  the  pole  of  the  magnet  net  has  no  sooner  quitted  the  end  to 

which  is  to  effect  this  change,  to  the  whichit  was  first  applied,  than  it  tends  to 

part  in  which  the  change  is  to  l>c  pro-  induce  in  it  the  nortnem  poliurity,  at  the 

cluced,  the  greater  will  be  the    effect  same  time  that  it  renders  the  part  whidi 

produced.     Agreeably  to  this  view  of  it  then  touches,  a  south  pole.    Thesanc 

the  subject,  we  shall  succeed  in  con-  succession  of  changes,  and  reveml  of  the 

vertinc:  a  steel   bar  into  a  magnet  of  magnetism  of   each  part,  takes  daee 

greatest  power,  by  subjecting  every  part  during  the  whole  of  the  progreu  of  the 

of  the  surface  of  the  bar  successively  to  magnet  along  the  l>ar,  with  the  exccp- 

the   contact  of  the  magnetizing  pole,  tion  of  the  end  which  it  touches  last.  It 

Let  us  trace  the  consequences  of  the  leaves  this  end  of  the  bar  in  the  state  of 

practical  application  of  this  principle.  a  south  pole,  while  the  other  end  n- 

A  A    »ji  4M.  ji,    sL    o-     t   T     A  *"**"'  *  ^^^^  Po*®*    The  intermediite 

(  4.  Method  by  the  Single  Touch.  ^^^^  ^^^  y^  considered  as  constitntiv 

(178.)  One  of  the  earliest  methods  a  series  of  small  magnets,  with  all  their 

which  was  employed  for  giving  maf^net-  north  poles  turned  towards  A,  and  thrir 

ism  to  a  bar  C  {fg,  45;,  was  to  lay  it  flat  south  poles  towards  B. 

/> o-.  45.  (179)  However  conformable  to  the- 

.jj  ory  this  method  of  magnetizing  niiy 

II J  appear  to  l)e,  experience  shows  tliat  it  i'-* 

very  little  superior  to  that  by  simple  con- 
tact. It  has  also,  like  that  method,  the 
disadvantage  of  frequently  producins 
consecutive  poles ;  and  these  more  es- 
pecially occur  when  the  bar  to  be  msfr- 
netized  is  of  some  length,  or  consists  oi 
very  hard  steel.     They  are  also  ven' 

on  a  table,  and  placing  an  artificial  mai;-  readily  produced  if  care  l>e  not  taken  to 

net,  M,  on  one  of  its  ends.  A,  and  at  right  prevent  the  magnet  from  resting  for  * 

angles  to  it,  to  slide  it  along  the  surface  longer  time  on  some  portions  of  the  har 

of  the  bar  till  it  arrived  at  the  other  end  than  on  the  rest ;    for  in  this  case  tl« 

B;  and  then.lifling  it  cautiously  to  a  suffi-  poles  are  multiplied  very  much  in  the 

cient  heij;ht  to  render  its  inductive  influ-  manner   stated     in  a    former    chapter 

ence  insensible,  to  bring  it  down  again  ({30,31);  apole  of  one  kind  Ijeingfoniini 

to  its  former  situation,  and  .renew  the  at  the  point  where  the  contact  has  twrr. 

opi'ration.     This  was  rejHfated  several  too  long  protracted,  and  two  others  o' 

times  on  each  of  the  surfaces  of  the  bar,  the  contrary  denomination  in  tht?  imirr 

the  pole  of  the  magnet   beint;  always  diate  vicinity. 

passed  in  the  same  direction,  and  the  (1 80.)     A  singular  lircumstance  chi- 

same  pole  employed.  racterizes  this  method  of  magnetizirurb* 

It  IS   evident  that   when   the  mag-  /owc^fw;^ .  as  it  is  called.     If,  after  alar 

net  is   first  applied  to  the  end  of  the  has  been  impregnated  with  as  much  nwf 

bar.  It  will  induce  in  that  end  a  po-  netism  as  it  is  capable  of  receiving  b» 

larity  of  the  opposite   kind  to  that  of  this  method  from  a  strong  magnet. « 

the  pole  N  of  the  magnet  which  is  in  attempt  be  made  to  increase  the  effect 

contact  with  it     Let  us  supiwsf,  for  the  by  renewing  the  same  opeiation  upon 

convenience  of  explanation,  that  this  is  the  bar  with  a  weaker   magnet  thsn 

a  north  pole;  the  end  A  of  •^uj  bar  to  the  one  that  was  first   employed.  th< 
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immediate  result  is  a  loss  instead  of  an  Fig,  46. 
aufi^entation  of  power;  and  the  bar  < —  — ^ 
remains  only  maenetized  to  a  degree 
corresponding  with  the  lesser  power  of 
the  last  macrnet  by  which  it  has  l)een  ^ 
touched.  The  reason  of  this  will  easily  point  of  junction  of  the  ma«:nets  shall  be 
be  understood,  when  we  consider  that  immediately  over  the  middle  of  the  bar. 
the  first  effect  produced  by  the  second  xhen  separating  the  ma^ets,  by  draw- 
magnet  is.  to  reverse  the  poles  which  i„g  them  opposite  ways  m  the  direction 
already  exist  in  the  bar,  and  afterwards  Qf  their  length  as  far  as  the  extremities 
to  induce  the  same  kind  of  polarity ;  Qf  the  smidi  bar,  they  are  next  to  be  re- 
but this  last  effect  it  can  produce  only  moved  to  a  considerable  distance,  and 
in  a  degree  corresponding  to  its  own  again  joined;  and  afterwards  laid  a  se* 
strength.  It  therefore  destroys,  during  cond  time  on  the  middle  of  the  bar,  in 
the  former  part  of  the  operation,  more  the  same  manner  as  at  first.  This  ope- 
than  it  can  supply  in  the  latter.  ration  is  to  be  repeated  several  times  on 
The  only  exception  which  mi^ht  be  each  of  the  sides  of  the  bar.  By  this 
conceived  to  exist  to  this  destructive  ao-  rnethod,  which  was  first  practised  by  Dr. 
tion  of  a  weaker  magndt,  would  be  in  the  Qofvan  Knight  about  the  middle  of  the 
case  where  the  latter  was  composed  of  a  ]g^\  century,  steel  bars  could  l)e  rendered 
very  soft  material,  so  that  the  magnetism  much  more  powerfully  magnetic  than  by 
of  the  bar  was  capable  of  affecting  its  any  of  the  means  before  in  use. 
polarity,  so  as  to  destroy  it  when  of  a  (183 )  The  great  superiority  of  Dr. 
airailar  kind  to  the  part  of  the  bar  with  Knight's  method  is  owing,  not  merely 
which  it  came  in  contact,  and  convert  it  to  the  circumstance  before  noticed — that 
into  an  opposite  polarity.  each  pole  of  the  magnets  acts  only  upon 
(181.)  An  attentive  consideration  of  that  half  of  the  bar  which  is  intended  to 
the  stages  of  the  process  we  have  detailed,  receive  a  magnetism  of  an  opposite  kind, 
will  show  us  that  the  destructive  opera-  and  that  its  inductive  effect  on  the  other 
tion  of  the  second  magnet  is  produced  half  has  never  to  be  destroyed,— but 
chiefly  in  the  first  half  of  the  bar ;  for  also  to  the  inductive  inflhence  of  the  two 
if  the  weaker  mas^net  were  first  applied  poles  being  combined  together  during 
to  the  middle  of  the  bar,  and  then  made  the  whole  of  the  operation.  In  every  por- 
to  ^e  on  to  the  end  in  the  same  direc-  tion  of  the  bar  which  lies  between  the 
tion  as  l>efore,  over  the  latter  half,  its  two  poles  of  the  magnets  that  are  thus 
effect  on  the  first  half  would  only  tend  applied,  their  indfluence  conspires  to  in- 
to strei^hen  the  nolarity  already  im-  duce  the  kind  of  magnetism  that  it  is 
pressed  upon  it  Nor  woukl  there,  in  desired  to  produce.  In  those  portions 
that  case,  be  any  injurious  effect  pro-  of  the  bar,  indeed,  which  lie  on  the  other 
duced  if  the  second  magnet  were  suffi-  sides  of  the  poles  of  the  magnets,  they 
ciently  soft  in  its  texture  to  admit  of  oppose  each  other:  but  it  will  be  per- 
having  its  polarity  changed  by  the  mag-  ceived  that  their  effect  is  here  only  that 
netism  of  the  bar.  This  consideration  resulting  from  the  difference  of  their  re- 
leads  us  to  another  important  stage  in  gpective  influences ;  while,  in  the  former 
the  progress  of  improvement  in  the  art  case,  when  they  act  upon  the  interme- 
we  are  studying.  diate  pprtions,  it  is  as  the  sum  of  that 

influence.    The  superiority  of  the  com- 

$  5.  Dr.  Knighfs  Method.  bined  influence  is  even  greater  than  the 

(182.)  This  improvement  consists  in  united  powers  of  Ihe  single  magnets,  as 

empk)ying  two  magneU  in   the  same  we  have  already  had  occasion  to  point 

operation,  applying  two  dissimilar  poles  out. 

of  these  magnets  each  to  a  different  half  .  g^  Duhtmets  Method. 
of  the  bar  to  be  impregnated,  and  con- 
fining its  action  to  that  portion  of  the  (184.)   If  the  magnets  employed  be 
bar.  which  of  course  should  be  much  large  and  powerful,  and  the  bars  very 
smaller  than  the  magnets.    For  this  pur-  short  and  slender,  it  is  easy,  by  the  pre- 
pose  the  two  magnets  are  to  be  joined  ceding  method,  to  magnetize  them  to 
i       kngthwise,  with  their  dissimilar  poles  in  saturation.    Soon  after  the  publication 
\       contact,  and  laid  on  the  bar  to  l)e  magne-  of  Dr.  Knight*s  method,  small  bars  thus 
I      tiled,  in  the  manner  represented  \iiflg>  magnetiaedwere  distributed  over  Europe, 
1     46,  whera  A  and  B  are  the  magnets,  and  and  were  eagerly  sought  after  by  the  cul 
*      C  the  bar  to  be  magnetized ;  so  that  the  tivators  of  natural  phik>sophy.    It  was 


46  Magnetism. 

soon  found,  however,  that  the  attempt  to  (186.)  It  ii  evident,  thst  in  as  fiv  ti 
magnetize  bars  of  a  (rreater  length  by  the  magnets  exert  their  eonjoined  mia* 
this  process  was  generally  less  successful,  enoe  on  the  portions  of  the  Mrs  that  fit 
or  at  least  fail^  in  giving  to  them  all  the  between  them,  and  act  only  upon  tbeir 
power  of  which  tbey  were  susceptible,  respective  halves  of  the  bara,  the  method 
Philosophers  therefore  renewed  their  ef-  of  Duhamel  possesses  all  ttieadvanta|Ci 
forts  to  devise  methods  of  greater  and  of  that  of  Dr.  Knight  The  eomlxnatiOB 
more  universal  effk^iency.  M.  Duhamel,  of  many  separate  magneta  in  each  ban- 
of  the  French  Academy  of  Sciences,  in  die,  however,  gives  them  pneater  power 
conjunction  with  M.  Authcaume,  at  in  operating  the  requisite  mdnetions— s 
length  devised  the  following  plan,  which  power,  indeed,  wliich  appears  to  be  con- 
was  found  to  succeed  even  with  Imuts  of  siderably  greater  than  tnat  which  a  sin- 
considerable  dimensions.  gle  magnet  of  the  same  aiie  as  that  of 
(185.)  He  first  laid  the  two  bars  of  the  combined  magnets  woold  posseii 
steel  intended  to  be  masnetixed,  and  But  the  principal  improrment  in  Du^ 
which  were  made  of  equal  length,  paral-  hamel's  plan  consists  in  the  disposition 
lei  to  each  other,  C  D  (see  Jig.  47),  and  of  the  bars  in  a  parmMelopmm  in  con- 

p^'g^  4  7,  junction  with  connecting  pieeea  of  soft 

iron,  which,  acting  as  annatnres,  aflfbid 
an  advantage  of  a  similar  kind  to  thst 
already  exfHained  in  §  176.  In  plt)po^ 
tion  as  the  steel  bars  acquire  magnstisni, 
these  connecting  pieces  partioipaie  in  thi 
acquisition  of  a  similar  power,  and  shis 
to  retain  it  in  the  bars  themsdves ;  just  u 
the  electricity  which  is  imparted  to  thi 
inner  coating  of  a  Leyden  jar  is  retaiMd 
,  ,  .  .....  by  the  reciprocal  influence  of  the  in- 
connected  their  extremities  by  two  jueed  and  contrary  electricity  of  tlie 
shorter  bars  of  soft  iron,  R  r,  so  as  to  q^x^^  coating.  The  magnetism  of  the 
form  altosrether  a  right-angled  parallelo-  bars  is  retained  by  a  similar  influenee. 
grRoi.  Then  taking  two  parcels  of  bars  and  greater  facility  is  thus  aflbrdedto 
already  magnetized.  Mm.  the  separate  increase  its  amount  by  the  subsequent 
bars  of  each  parcel  beine  placed  with  additions  it  is  receiving  from  the  actios 
their  respective  poles  in  tlie  same  direc-  ^f  the  magnets  as  they  pass  along  the 
tions.  and  firmly  tied  together,  he  brouijht  surface, 
the  poles  of  ottposite  kinds,  N,  S,  into  ' 

contact  over  the  middle  of  one  of  the  i  7.  Method  by  Douhh  Touch: 

steel    bars  forming  the  parallelogram,  Process  of  Mitchell. 

giving  them  a  certain  inclination  to  the        (187.)    While   Duhamel  was  endes- 

bars  as  seen  in  the  figure.    The  angle  vouring  to  perfect  his  method  in  France, 

they  formed  with  each  bar  was  p:enersdly  the  same  object  was  occupying  the  a!- 

about  forty-five  degrees,   so   that  they  tcntion  of  experimental  philosophers  m 

formed  with  each  other  a  ritrht  angle.  England;  and  much  about  the  same  pe- 

Then  separating  them  from  each  other,  he  riod  new  processes  for  magnetising  ban 

made  them  slide  gently,  and  with  an  equa-  were  invented  by  Mitchell  and  by  Canton, 
ble  motion,  towards  the  extremities  of  the        (188.)  Mr.  Mitchell,  of  Cambridge, 

bar.  This  oi^eration  was  repeated  on  the  published  his  improved  method  in  1750. 

same  bar  as  often  as  appeared  requisite.  He  emploved   two  parcels  of  strongly 

Tiie  inclined  parcels  of  magnets  were  magnetized  bars  (M  m, /^.  48),  joiim 
then  taken  to  tne  opposite  l)ar  of  the  pa-  j^Ve.  48. 

ralleloKram,  and  applied  to  them  in  the  i    - 

same  manner ;  taking  care,  however,  to  M 

reverse  the  disposition  of  the  poles  of  the 
magnets,  so  that  the  side  on  which  the 

north  pole  was  placed  in  the  one  case,  ^___^__^...,™_^^^_ 
was  occupied  by  the  south  pole  in  the  A  11  c"^^^ff         _ 

other.    After  the  bars  had  been  rubbed  in  a  manner  similar  to  those  above  de- 

sufficiently  on  the  one  side,  they  were  scribed,  and  placed  them  parallel  to  eaeh 

turned  on  the  other  side,  and  the  same  other,  but  with  the  po]es  of  each  parcel 

operations  repeated  on  them  in  that  situ-  reversed,  leaving  between  the  two  yn- 

ation.  eels  an  interval  of  about  a  quarter  or* 
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fhiril  of  an  inch.  He  then  arranged  a  one  another.  The  latter  of  these  forces, 
number  of  eaual  steel  bars  (A,  B,  O,  D,  therefore,  will  never  have  sufficient 
K)  in  a  straight  line,  and  made  one  extre-  enei]nr  to  destroy,  or  even  much  dir 
mity  of  the  conjoined  magnets  slide  at  minisn,  the  effect  which  had  been  pro- 
right  angles  over  the  line  of  steel  k)ars.  duoed  by  the  former;  and  thus  the 
He  did  not,  however,  limit  himself  to  one  magnetism  of  each  portion  receives  con- 
direction,  but  moved  them  backwardsand  tinual  accessions  of  strength  every  time 
forwards  the  whole  length  of  the  united  the  magnets  are  made  to  pass  over  it. 
surfoces  of  the  bars ;  repeating  the  ope-  The  long  line  of  bars  operates  in  a  man- 
ration  on  each  side  until  he  had  obtained  ner  similar  to  the  pieces  of  soft  iron  at 
as  great  an  effect  as  possible.  the  extremities  of  those  in  the  paral- 

In  order  to  ecjiialize  as  much  as  pes-  lelogram  of  Duhamel — that  is,  the  ex- 

sible  the  magnetic  power  of  the  two  ends  temal  bars  act  as  armatures  to  those 

of  each  bar,  it  is  expedient  to  commence  which  lie  between  them ;  and  hence  may 

each  operation  bj^  laying  the  conjoined  be  understood  why  these  intermediate 

magnets  on  the  middle  of  the  line  of  bars,  bars  receive  the  strongest  impregnation, 
ami  to  pass  the  magnets  over  each  half       (190.)  The    different    processes    for 

of  the  line  an  equal  number  of  times ;  communicating    magnetism  which  we 

at  the  conclusion  of  which,  the  msj^ets  have  now  described,  comprise  all  those 

being  broui^ht   again    to   the   middle,  methods  that  are  essentially  different  in 

they  should  be  raised  perpendicularly,  their  principle;  all  others  which  have 

so  as  not  to  disturb  the  lateral  effects  been  proposed  may  be  regarded  as  va- 

which  had  l)een  produced.   Mr.  Mitchell  rieties  merely  in   the  combinations  of 

found  that  the  steel  bars  B,  C,  D,  which  which  these  principles  are  susceptible. 

were  intermediate  in  the  series,  acquired  We  shall  only,  therefore,  notice  those 

by  this  process  a  very  great  degree  of  which  have  been  most  in  repute. 
magnetic  power.     Those  which  formed        (191.)  Mr.  Canton  published,  in  1751, 

the  extreme  bars  of  the  series  A,'  D,  were  a  method  which  he  considered  as  su- 

much  less  impregnated ;  but  by  remov-  perior  to  any  of  those  previously  em- 

ing  them  from  this  situation,  and  trans-  ployed.    He  placed  the  bars  intended  to 

furring  them  to  the  middle  of  the  series,  be  magnetized  so  as  to  form  a  parallelo- 

aiul  then  repeating  the  same  operations,  gram  with  connecting  bars  or  arma- 

they  quickly  acquired  the  same  degree  tures  of  soft  iron,  as  in  the  method  of 

of  magnetism  as  the  rest.  Duhamel.    He  then  had  recourse  to  the 

(189.)   Tlie  process  above  described,  method  of  double  touch  as  prescribed 

which  soon  acquired  much    celebrity,  by  Mitchell;  after  which  he  separated 

was  csWed  the  method  by  double  touch ;  the  two  bundles  of  ma^ets,  and  in- 

and  it  is  asserted  by  its  inventor,  that  dining  them  to  the  bars  in  contrary  di- 

two  magnets  will  impart  more  magnetic  rections,  as  Duhamel  had  done,  he  com- 

powerto  a  bar  of  their  own  size,  when  pleted  the  operation  by  making  them 

employed  in  this  peculiar  mode,  than  a  slide  from  the  middle  towards  the  extre- 

single  magnet  of  five  times  the  strength  mities.    The  combination  of  these  two 

ol  the  former,  when   applied  after  the  processes  was  considered  by  Canton  as 

manner  of  the  single  touch.    The  opera-  an  improvement  upon  the  method  ot 

tioQ  of  the  two  poles  of  the  conjoined  Mitchell    There  is,  however,  great  rea- 

parcels  of  magnets  on  those  portions  of  son    to   think,  as  Coulomb  and   Biot 

the  bars  over  which  they  pass  will  readily  have  remarked,  that  these  successive 

be  understood  from  what  has  been  said  operations  are  ouite  superfluous,  and 

with  respect  to  the  methods  of  Knight  that  the  l>ars  are  left  at  the  end  of  them 

wnd  Duhamel.    They  act  by  the  sum  of  preciselv  in  the  same  state  as  if  only  the 

their  inductive  powers  on  those  parts  fast  haa  been  employed. 
of  the  Imr  that   are  situated  between  .  g   JEpinms Method. 

them,  but  with  the  difference  of  those  *  '^ 

powers  on  all  those  parts  which  lie  be-        (192.)  ^pinus  introduced  modiflca- 

yond  them ;  and  the  former  is  therefore  tions  into  the  process  of  the  double 

always  gfcatly  more  efficient  than  the  touch,  of  greater  importance  and  much 

latter.  The  superiority  is  the  more  con-  more  iudiciously  conceived.    He  first 

siderable  in    the   present   case,   inas-  formed  the  parallelogram  of  steel  bars 

much  as  the  magnets  are  nearer  to  each  in  the  manner  of  Duhamel ;  but  in  place 

other,  and   thmfore   act  with    much  of  the  auxiliary  cress  bars  of  sofl  iron, 

greater  power  when  they  co-operate,  but  he  connected  the  ends  of  the  steel  bars  by 

■re  neany  ineflteient  when  they  oppose  means  of  other  steel  bars  which  had  pre- 
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viously  been  rendered  powerfully  mag-  when  it  wfll  be  §een,  by  the  manner  ii 

netic.  He  next  placed  the  two  compound  which  the  filings  arrani!:e  themselrcs 

magnets  end  to  end.  with  their  dissimilar  that  the  neutral  poin!  of  the  bar  does  not 

Soles  adjoining  each  other,  but  separated  occupy  the  exact  middle  of  the  bar,  but 

y  a  small  piece  of  wood  (y?§r-  49).  b  sensibly  nearer  to  that  end  to  which 

the  magnets  used  in  the  operation  of 

W^.  49.  ^  touching  it  had  been  last  applied. 

In  the  second  place,  magnets  formed 
by  the  process  of  ^pinus  are  much  more 
liable  to  have  consecutive  poles  than 
those  obtained  by  Duhamel's  process ; 
and  this  is  especially  the  case  if  the 
magnets  are  of  some  length.  These 
consecutive  poles,  which  are  irreenlarly 
formed  in  various  parts  of  the  magnet, 

which  kept  them  asunder  for  a  short  are,    it  is  true,  in  general  extremely 

space ;  and  then,  inclining  them  so  that  feeble ;  but  still  they  must  always  im- 

they  formed  a  very  obtuse  an&:le  with  each  pair   very  considerably    the    directive 

other,  he  placed  them  on  the  middle  of  force,  which  becomes  a   very  serious 

one  of  the  steel  bars,  and,  without  sepa-  olyection  when  the  magnets  are  intended 

ratint;  them,  made  them  slide  backwards  for  campass-needles.    The  inequality  of 

and  forwards  along  the  surface  of  the  strength  or  of  diffusion   of   the  two 

bar ;  repeating  the  operation,  with  the  principal  poles  is  also  disadvantageous 

usual  precautions  as  to  the  direction  of  with  a  view  to  the  same  ob|ect    Henoe 

the  poles,  on  the  other  bar,  and  on  both  the  process  of  Duhamel  will  always  be 

sidv%  of  each.  found  preferable  for  the  construction  of 

With  regard  to  the  position  of  the  compass-needles ;  while  that  of  spinas 

magnets,  it  is  evident  that  this  process  is  more  serviceable  when  it  is  wished  to 

is  analogous  to  that  of  Duhamel ;  but  obtain    a  very  considerable    magnetic 

as  the  ma£:nets,  during  the  whole  time  power  in  large  bars,  for  the  purpose  of 

they  are  rubbed  upon  the  bars,  are  kept  batteries,  or  other  magnetic  comlnna- 

in  the  same  relative  situation  with  re-  tions,  where  it  imports  little  whether 

spect  to  each  other,  their  operation  de-  the  neutral  points  be  exactly  coincident 

pends  upon  the  principle  of  the  double  with  the  centres  of  each  individual  piece, 
touch   peculiar  to  MitcheU's   process.  j  ^    Coulomb's  Process. 

iEpmus  tried  different  antrles  of  inclina-        .,«.:rr.L      .»     .•        *  x»  i-.     i     i 
tion  for  the  magnets,  with  a  view  to        (194  )  The  attention  of  M.  Coulorab. 

discover  that  which  gave  the  greatest  ?l*^»^y  distinguished  by  his  research* 

effect;  and  concluded  that  the  maximum  m  electricity,  was  engaged  for  a  con- 

of  effect  was  obtained  when  the  mai:-  siderable  penod  in  perfecting  the  art  of 

nets  made  angles  of  fifteen  or  twenty  «™«k>"S    ™!^*^*;*  5^?"^  his  numerous 

degrees  on  each  side  with  the  steel  bar  communications  to  the  French  Academv 

on  which  they  were  to  act.  »"?     nstitute  contam  a  gr^t  mass  of 

(193.)  When   an   inquiry  was  insti-  valuable  observations  on  this   subject, 

tutedasto  the  comparative  efficacy  of  the  Some  of  the  results  of  his  expi.-niuenjs 

methods  of  Duhamel  and  of  iEpinus  the  ^je  c:iven  by  Biot,  m  his   "Tnu!e  de 

latter  was  found  to  possess  this  advan-  ^  hysKjue. 

tage— that  it  enabled  the  exwrimenter  .    (195.)  The  magnetic  apparatus  for 

to  magnetize  bars  of  considerable  length  impregnating  a  steel  bar  consists,  as  ire 

and  thickness  by  means  of  bars  which  nave  seen,  of  two  parts;  the  first  is  that 

themselves    possess    no    great  power,  ^h'ch  is  fixed,  and  applied  to  the  ban 

which  was  not  the  case  with  the  process  »"  ^"eh  a  manner  as  to  act  by  its  con- 

of  Duhamel.     At  the  same    time   the  tmued  inductive  operation;  this  mcluda 

method  of  ^Epinus  is  liable  to  many  in-  <^»e  armatures  of  soft  iron,  as  weU  asthc 

conveniences ;    in    the  first  place,   we  ^''ed  magnets  that  may  be  substituted 

scarcely  ever  obtain,  by  its  means,  an  for  them:  and  the  second  is  the  moveable 

equal  degree  of  magnetic  power  in  the  majrnetic  bars,  or  combinations  of  ban, 

two  ends  of  the  bars  Id  which  it  is  ap-  ^'^»eli  are   mnde  to  slide  and  rub  onr 

plied.    This  will  appear  by  placing  any  t»»e  bar   to    be   magnetiied.     For  the 

one  of  these  bars  on  a  table,  and  laying  construction   of  the  fixed  part   of  the 

on   it  a  sheet  of  paper,  on  which  are  apparatus.  Coulomb  employed  bars  ol 
strewed    some  very  fine  iron  filings;  •  Yome ui. p. i7. 
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iteel  tempered  at  a  cherrv-red  heat,  and  to  each  other,  and  uniting  them  by  their 

from   twenty  to  twentv-four  inches  in  poles  of  the  same  denomination,  he  ar- 

length,  of  rather  more  than  half  an  inch  ransced  them  into  two  assemblages,  com- 

in  breadth,  and  one-fifth  of  an  inch  in  posed  of  five  bars  in  each,  separated  by 

thickness.    These  he  first  magnetized  to  small  parallelopipeds  of  soft  iron,  which 

saturation  by  means  of  other  magnets  projected  a  little  beyond  their  extremities, 

procured  by  any  of  the  methods  already  and  performed  the  office  of  an  armature, 

described;  then,  placing  them  parallel  common  to  the  whole  set  (see /o".  50). 

Fig.  50. 


^ 


The  moveable  part  of  the  apparatus  he  an  equal  number  of  frictions.    After  the 

usually  formed  of  four  bars  of  steel,  last  movement    has    been    completed, 

tempered  at  the  same  heat  as  the  pre-  when  the  magnets  will  bave  been  brought 

ceding,  and  of  the  same  dimensions  as  back  to  the  centre,  where  the  movement 

to  breadth  and  thickness,  but  only  six-  tiad  commenced,  they  are  to  be  raised 

teen  inches   long.    After   magnetizing  perpendicularly  to  a  height  sufficient  to 

them  Hs  strongly  as  possible,  he  united  obviate  all  sensible  disturbance  of  the 

two  of  ttiem  l3y  tlieir  widths,  and  two  magnetic  state  of  the  bar,  and  the  ope- 

others  by  their  thicknesses,   forming  a  ration  repeated  on  its  other  side, 

packet  consisting  of  four  magnets  placed  (197.)  if  the  pieces  which  compose 

as  close  as  possible.  the  moveable  magnets  have  not  previ- 

(196.)    In  proceeding  to  operate  with  ously  received  all  the  magnetic  power  of 

this  apparatus,  the  large  assemblages  of  which  they  are  susceptible,  as  will  gcne- 

magnetfl,    with    their    armatures,    are  rally  happen  if  we  have  not  previously 

placed  opposite  to  each  other ;  so  that  the  command  of  a  sufficient  apparatus 

the  magnets  which  compose  them  shall  for  that  purpose,  their  united  powet, 

lie  in  the  same  line,  with  their  north  and  when  assembled  in  the  manner  already 

south  poles  opposite  to  each  other,  but  <  described,  will  still  produce  in  the  bars 

separated  by  a  space  nearly  equal  to  subjected  to  their  action  in  the  above 

the  length  of  the  bar  to  be  magnetized,  process,  a  degree  of  magnetism  greater 

which  latter  bar  is  to  be  laid  between  than  that  which  they  themselves  pos- 

the  two  sets  of  magnets,  resting  on  the  sess.    We  may  therefore  avail  ourselves 

cross  bars  or  armatures,  for  the  space  of  the  latter  of  these  bars  for  composing 

of  about  the  fifth  of  an  inch.    Then  the  a  new  set  of  magnets,  which  will  a6cord- 

moreable  magnets  are  laid  upon  the  ingly  be  more  powerful  than  the  former : 

centre  of  the  knur,  and  inclined  on  each  and  then,  obtaining  by  their  means  still 

aide  in  opposite  directions,  so  as  to  form  more  highly  impregnated  magnets,  we 

with  each  half  of  the  bar  an  angle  of  may  again  disunite  them,  and  subject 

twenty  or  thirty  degrees.  them  to  the  action  of  still  more  energetic 

Every  thing  l)eing  thus  prepared,  it  is  combinations,  formed  by  the  bars  last 

at  the  option  of  the  experimenter  to  impregnated.    By  the  continued  repeti- 

K'oceed  according  to  the   manner  of  tion  oi  these  processes,  employing  one 

uhamel,  by  drawing  each  packet  of  the  set  of  magnetic  bars  alternately  in  rising 

Bioveable  magnets  away  from  the  middle  the  intensity  of  those  of  another  set,  it  is 

of  thelNur,  along  that  half  of  it  which  evident  that  we  shall  finally  succeed  in 

iiet^m  its  own  side,  as  far  as  the  ex-  effecting  their  complete  saturation. 

fremify ;  or,  following  the  directions  of  (198.)  V\  hen  it  is  requireil  to  magne« 

^^pinus,  to  retain  the  magnets  in  their  tize  bars  of  very  considerable  size,  Cou- 

relative  situation,  by  placing  between  lomb  recommends   that   the  moveable 

them  a  piece  of  wood  or  of  copper,  so  as  apparatus  of  magnets  should  be  com- 

to  keep  their  poles  at  an  invanable  dis-  posed  of    a  much  greater  number  of 

tance  of  one  quarter  or  one  fifth  of  an  pieces  than  in  the  instance  above  given ; 

inch  from  each  other,  and  preserving  and  that  these  pieces  should  be  disposed 

their  inclinations,  to  slide  them  back-  in  rows,  each  successive  row  projecting 

vrarrts  and  forwanb  from  the  centre  to  beyond  the  last,  as  shown  m/ig.  5 1 :  thus 

each  extremity  of  the  bar,  until  each  the  pole  of  each,  which  generally  resides 

half  of  it  shall  have  been  subjected  to  at  the  very  extremi^  of  the  bar,  will 
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come  immediaJely  in  contact  with  the 
bar  to  be  maijnetized.  when  the  com- 
pound raaijnet  is  applied  to  it  with  the 
proper  inclination,  and  the  whole  will 
powerfully  conspire  in  producing  the 
same  effect. 

(199.)  The  parallelosrrams  of  steel  bars 
and  soft  iron  should  l)e  kt'pt  firm  by 
wedtres,  in  Ihe  manner  of  printers*  types, 
and  the  extremities  of  them^urnetic  bars 
should  be  perfectly  cleaned.  In  rubbing 
the  bars,  it  is  recommended  by  some 
authors  to  apply  considerable  pressure  ; 
but  Captain  Kater  found  increased  pres- 
sure rather  injurious  than  beneficial. 
Dr.  lli)bison  conceived  that  by  wettmsj 
their  extremities  he  obtained  a  tneater 
effect ;  but  he  found  that  the  least  drop  of 
oil  l)etween  the  bars  ^'eatly  obstructed 
the  oix.>ration  of  the  main^ets,  as  was 
also  the  case  when  the  smallest  piece  of 
the  thinnest  gold  leaf  intervened.  He 
found  that  bars  which  were  rouj^h  re- 
ceived a  more  powerful  mairnetism 
than  those  wiiich  were  niojlrrately  po- 
lished ;  but  that,  if  moderately  rouirh, 
they  acquired  the  tirst  dei^rees  of  inat;- 
netism  more  expeditiously  than  smooth 
bars,  but  did  not  ultimately  receive  so 
stronjj  an  imprei^nation  as  the  latter. 

§  10.  Comparative  Advantages  of  the 
differrnt  Procrssrs. 

(200.)  An  account  of  Coulomb's  ex- 
I>eriments  on  the  compsurttive  advau- 
tai;es  of  the  ditierent  meiluub  of  mair- 
netiziui^  bars  of  diffeient  thicknesses, 
lensi^ths,  and  foims,  is  tjiven  by  Biot  in 
his  **Traitcde  Physique."  Thestrenfirth 
of  each  niaijnet  was  estimated  by  the 
number  of  oscillations  which  it  per- 
formeil  in  a  i^iven  time  on  each  side  of 
the  mac^netic  meridian  by  the  influence 
of  terrestrial  magnetism.  The  following 
are  some  of  the  results  of  his  inquiry. 

He  found  that  steel  wires  of  small  dia- 
meter may  be  rendered  mat^netic  to  an 
etjual  <legree,  whether  touchinl  by  the 
method  of  Duhamel  or  of  i^pinus,  or 
even  \%  hen  simply  rubbed  with  tne  single 
pole  of  a  stront;  magnet,  for  in  all  these 
cases  they  became  magnetized  to  satura- 
tion. Wtien  a  plate  of  unannealed  steel 
of  greater  width  than    the  wires,  but 


of  equal  length  ftnd  thicicneu,  was  sub- 
jected to  experiment,  a  slight  differenee 
was  perceptible  in  the  detune  of  mainM 
tism  result mg  from  the  different  methods, 
those  of  Duhamel  andi£pinus  being  the 
most  efficacious.  The  difference  was 
more  perceptible  when  the  steel  was 
made  of  a  harder  temper,  and  inereased 
still  more  when  thicker  plates  of  steel  were 
trit'd.  The  processes  of  Duhamel  and 
of  i^pinus,  when  applied  to  plates  of 
which  the  thickness  is  lest  than  one 
twelfth  of  an  inch  were  nearly  of  equal 
power ;  but  when  they  exceed  this  thick- 
ness, that  of  if^pinus  was  decidedly  the 
most  efficacious,  lu  the  case  of  l>ars 
sixteen  inches  long,  one  inch  broad,  and 
about  one  third  of  an  inch  thick,  the 
comparative  intensities  of  the  macrne 
tLsm  produced  by  the  methods  of  i^pi- 
nus  and  Duhamel  were  neariy  in  the 
pn)ix)rtion  of  nine  to  eight. 

(-201.)  Captain  Kater  also  made  a 
series  of  valuable  experiments  on  the 
effects  of  different  methods  of  magnet- 
izing, and  on  the  influence  of  extent  of 
surface,  independently  of  the  mass,  on 
the  directive  force.*  The  directive  force 
was  estimated  fay  means  of  the  balance 
of  torsion  of  Coulomb.  This  instrument 
consists  of  a  fine  wire  terminated  above 
by  an  index  at  rij^ht  angles  to  it,  which 
is  moveable  round  a  circle  divided  into 
(leij:iees.  To  the  lower  end  of  the  wire  a 
cradle  is  attached  for  receiving  the  needle 
wliieh  is  the  subject  of  experiment.  The 
instrument  being  adjusted  so  that  tlie 
needle  was  in  the  magnetic  meridian 
whin  Ihe  wire  had  no  torsion,  the  index 
was  turned,  and  the  wire  consequently 
twisted,  until  the  needle  was  made  to 
deviate  60^  from  its  original  position. 
The  number  of  degrees  passed  over  by 
the  index  would  then  Ik»  the  measure  of 
the  directive  force  of  the  needle. 

The  needles  to  1k»  miurm'tizeil  wen* 
riirht-anijleil  parallelotrrams,  live  inches 
h>ni: ;  the  one  seven-tenths  of  an  ineh 
broad,  and  the  other  of  half  thi» 
breadth.  The  broadest  was  reduced  in 
thickness  till  it  was  of  the  same  weicrht 
as  the  other,  namely,  one  hundred  ami 
forty-two  grains.  The  maj^nets  era- 
ployed  were  tirst  placed  i)er])endicularly 
on  the  centre  of  the  needle,  their  op|x>- 
site  poles  beinjj  joined ;  their  lower  ex- 
tremities wen*  then  separatinl  and  kept 
asunder  by  placini;  between  them  apiwe 
of  wood  a  quarter  of  an  inch  thick,  their 
upi)er  extremities  remaining  in  contact. 

*  iloioiihlcal  TrftD ■action*  for  18*21.  p.  104 
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The  magnef s  were  then  slid  alon|^  the 
needle  backwards  and  forwards  from 
end  to  end,  and  this  was  repeated  on 
both  sides  till  it  was  conceived  that  the 
full  effect  had  been  produced ;  and  the 
directive  force  of  the  magnet  thus  ob- 
tained was  noted,  llie  process  was 
repeated  with  the  same  apparatus,  ex- 
cepting that  the  maj^ets  were  separated 
at  the  top  by  a  piece  of  wood  of  the 
sHihe  thickness  as  that  at  the  bottom. 
The  effect  was  considerably  diminished 
by  this  change.  When  the  lower  ex- 
tremities of  the  needle  were  separated 
bv  a  piece  of  wood  to  the  distance  of  half 
the  lenfrth  of  the  needle,  the  upper 
extremities  remaining  in  contact,  the 
effect  was  greater  than  in  tiie  first  expe- 
riment A  further  augmentation  of 
power  was  obtained  when  the  magnets 
were  joined  and  placed  perpendicularly, 
as  before,  on  the  centre  of  the  needle, 
and  then  moved  in  opposite  directions 
from  the  centre  to  the  extremities,  keep- 
ing each  magnet  perpendicular  to  the 
needle ;  afterwards  rejoining  them  at  a 
distance  from  the  needle,  replacing  them 
on  its  centre,  and  thus  continuing  the 
operation.  The  needles  were  then  mag- 
netized according  to  the  method  of 
Duhamel,  the  magnets  being  inclined  at 
an  angle  of  about  forty-five  degrees,  and 
camea  as  before  from  the  centre  to  the 
ends  of  the  needle.  This  was  attended 
with  a  still  greater  increase  of  effect ; 
hut  it  was  increased  still  further  when 
the  magnets  formed  with  the  needle  an 
angle  of  about  twenty  degrees.  The 
maximum  of  effect  took  place  when  this 
angle  was  reduced  to  about  two  or  three 
degrees;  for  when  the  magnets  were 
laid  flat  on  the  surface  of  the  needles, 
and  drawn  froni  the  centre  to  the  ends, 
the  effect  was  not  so  great  as  in  the  last 
case. 

(202.)  On  the  whole.  Captain  Kater 
concludes  that  the  best  mode  of  commu- 
nicating macnnetism  to  a  needle,  is  by 
placing  it  in  the  magnetic  meridian,  join- 
ing the  opposite  poles  of  a  pair  of  bar 
magnets  (the  magnets  being  in  the  same 
line),  and  laying  the  magnets  so  joined, 
flat  upon  the  needle  with  their  poles 
upon  Its  centre ;  then  having  elevated 
the  distant  extrefnities  of  the  magnets, 
so  that  they  may  form  an  angle  of  about 
two  or  three  degrees  with  the  needle, 
they  are  to  he  drawn  from  the  centre  of 
the  needle  to  the  extremities,  carefully 
preserving  the  same  inclination;  and 
Having  joined  tl\e  poles  of  the  magnets 
at  a  distanoe  linim  the  needle,  the  ope- 


ration is  to  be  repeated  ten  oi  twelve 
times  on  each  surface. 

(203.)  We  have  seen  (§  171),  that 
terrestrial  magnetism  may  be  made 
available  for  procuring  artificial  magnets 
by  the  help  of  percussion  ;  and  it  now 
remains  that  we  point  out  the  methods 
of  employing  it,  m  the  absence  of  all 
other  magnetized  bodies,  in  exciting 
magnetism  by  friction,  either  by  th^ 
single  touch  or  by  a  method  analogous 
to  that  of  Dr.  Knight. 

(204.)  I^t  the  needle  to  be  magnetized 
be  placed  horizontally  in  the  magnetic 
meridian  and  fixed  in  that  situation,  and 
apply  to  the  middle  of  it  the  lower  end 
of  a  long  iron  l>ar,  a  poker,  for  instance, 

FUg.  52.  Fig.  53. 


held  vertically ;  and  immediately  oppo- 
site, at  the  lower  side  of  the  needle,  ap- 
ply the  upper  end  of  a  second  bar  of  a 
similar  description  to  the  first,  as  seen 
in  Jig.  52.  Then  draw  each  bar,  still 
kept  in  a  vertical  position,  towards  the 
opposite  ends  of  the  needle  (fg.  53),  tak- 
ing care  that  the  upper  bar  be  drawn 
towards  the  side  of  the  needle  intended 
to  be  its  south  pole,  and  the  loweir 
bar  towards  the  intended  north  pole ; 
then,  separating  the  bars,  remove  them 
to  a  distance,  and  bring  them  again 
perpendicularly  to  the  middle  of  the 
needle;  and  repeat  this  operation  a 
sufficient  number  of  times  on  each  side. 
This  simple  process  will  often,  if  the 
needle  be  small,  be  sufficient  to  magne- 
tize it  to  saturation.  The  principle  on 
which  it  is  founded  is  sufficiently  obvious. 

$  II.  Canton* s  ProceM. 

(205.)  The  process  of  Canton,  already 
alluded  to,  proceeds  upon  the  same 
principle,  and  does  not  require  the  pre- 
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vkmi  poMwIon  of  My  nmgiMiL  Asthe 
knowMga  of  it»  thmfoKy  awf  be  of 
liM  to  tmoe  who  ore  nol  pftmded  with 
*OBf  nMgnetie  oppftntus,  we  shall  pi«> 
.sent  the  following  outline  of  that  pert 
^it  whieh  appears  to  Im  the  really  effi- 
fOMDE  onooess* 

(106.)  Six  bars  of  soft  sled  are  to  be 
protrided,  eadi  three  indies  long,  one 
^ttartsrofaninch  broad,  end  one  twen- 
tieth of  an  ineh  thick,  twether  with  two 
pieoes  of  iron,  each  hau  the  length  of 
one  of  the  ball,  but  of  the  same  breadth 
and  thiekness;  and  also  six  ben  of  hard 
eted,  eaoh  five  inohes  and  a  half  kmg^ 
half  an  moh  broad,  and  three  twentieths 
,of  an  ineh  tfaiok,  togethor  with  two 
'pieoes  of  iron  of  hdf  the  length,  but  the 
whole  breedth  and  thickness  of  one  of 
thehardbarBi  All  these  ban  are  to  Im 
marked  at  one  end  by  a  line  «iuite  round 
then*,  in  order  to  distinguish  the  poles. 

(207.)  Two  bars  of  mm,  or  an  iron 
■  poker  andtongB(/{g.54),are to  betaken: 

Fig  54. 


no80  SMic^aie0HteifM».af 
soft  bars  In  tids  ■«■«;  4hJi  jfiiar 
(Mg.  5tt  ate  to  beJeii|faHdta 
other,  at  the  dialanee.  of  abaot  ooa 
fourth  of  an  faMh  betwieB  the.  tm 
pieees  of  iron  beiongiiy  to  them,  a  north- 
and  a  sonjth  pole,  aganit  aaah  piieaof 
inm.  Two  of  the  four  bate  Oat  have 
been  ekeedjr  made  wiegneKeal  aia  tfaeia 
to  Im  united,  so  as  to  flMha  a  double  bar 
inthidroess,  thenoithpolaof  one  eves 
with  the  south  pote  of  the  other;  and  the 
remaining  two  bdng  plaeed  not  to 
these,  one  on  eadi  aide^  ao  as.  to  hape 
two  north  and  two  south  poles  ta||lher» 
the  n(»th  and  south  poles  are  tife  ee- 
perated  at  one  end  by  a  larsspinpul 
CMtween  them;    they  are  thiii  to  be 

.FIg.K. 
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•the  larger  they  are,  and  the  longer  they 
have  been  used,  so  much  the  l)etter. 
Jjet  the  poker  be  fixed  upright,  and  held 
by  the  knees,  and  let  one  of  the  soft  steel 
bars,  having  its  marked  end  downwards. 
be  tightly  fastened  to  it  by  a  piece  of 
sewing  suk,  and  held  with  the  left  hand ; 
then  grasping  the  tongs  with  the  right 
hand  a  little  bdow  the  middle,  and  hold- 
ing them  in  a  vertical  position,  let  the 
bar  be  rubbed  with  the  lower  end,  from 
the  bottom  to  the  top,  about  ten  times 
on  each  side.  This  will  give  it  sufficient 
magnetic  power  to  lift  asmall  key  from 
the  mariced  end,  which  will,  of  course, 
ba  a  north  pole. 


]^aoed  perpendieulariy  vdth  that  end 
downwutis,  on  the  middle  of  one  of  the 
parallel  bars— the  two  north  poles  to- 
wflo^ls  that  end  intended  to  be  made  the 
south  pole,  and  the  two  south  poles  to- 
virards  the  intended  north  poles.  Neit 
slide  them  backwards  and  forward! 
three  or  four  times  the  whde  length  of 
the  bar,  and  removing  them  from  the 
middle  of  this  bur,  place  them  on  the 
middle  of  the  other  bar  as  before  di* 
rected,  and  go  over  that  in  the  aame 
manner.  Then  turn  both  the  bars  tht 
otlier  side  upwards,  and  repeat  the  ope- 
ration. 

Having  done  this,  remove  the  two 
bars  from  between  the  pieces  of  iron, 
and  placing  the  two  outermost  of  the 
touchmg  bars  in  their  stead,  let  the 
other  two  Im  the  outermost  of  the  four 
to  touch  these  with.  This  process  l)eing 
repeated  till  each  pair  of  bars  have  been 
touched  three  or  four  times  over,  th^ 
will  thus  acquire  a  considerable  magnetk 
power. 

Next  put  together  the  six  bars,  as 
dene  a'ith  the  four,  and  toae|| 
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with  them  two  pwr  of  the  hard  bars, 
placed  between  their  iron  armatures,  at 
the  distance  of  about  hatf  an  inch  from 
one  another.  The  soft  bars  mav  now 
l>e  laid  aside,  and  two  of  the  hard  bars, 
placed  between  their  iron  armatures, 
may  be  magnetized  by  means  of  the 
other  four,  which  should  he  held  apart 
at  the  lower  end,  at  an  interval  of  about 
one  fifth  of  an  inch ;  to  which  distance 
they  are  to  be  separated  after  they  are 
set  on  the  parallel  bar,  and  brought  to- 
gether again  after  they  are  taken  off. 
The  same  process  as  that  above  described 
is  now  to  be  continued  untiLeach  pair 
has  been  touched  two  or  three  times 
over. 

The  whole  of  this  process  may  be 
gone  through  in .  less  than  halt  an 
hour;  and  each  of  the  larger  bars,  if  they 
had  been  previously  well  hardened,  may 
be  made  to  lift  twenty-eight  troy  ounces, 
or  even  more.  Bars  thus  impregnated 
will  give  to  a  hard  bar  of  the  same  size 
its  full  virtue  in  less  than  two  minutes ; 
and  may,  therefore,  answer  almost  every 

Eurpose  in  natursd  philosophy  much 
etter  than  the  natural  loadstone,  which 
has  seldom  sufficient  power  to  impreg- 
nate hard  bars. 

$  12.  Horse-shoe  Magnets* 

(209.)  Magnets  in  the  form  of  a 
straight  bar  are  less  convenient  when 
the  action  of  both  the  poles  is  wanted, 
as  happens  in  various  experiments,  es- 
pedaliy  such  as  concern  the  raising  of 
weights  by  the  force  of  magnetic  attrac- 
tion. In  order  to  brin^  the  two  poles 
near  each  other,  artificial  magnets  are 
often  made  in  the  shape  of  a  horse- shoe, 
C/^.S6,)  or  sometimes  a  more  semicircu 

Fif,  56. 
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AT  form  is  given  to  them  (fig.  57).  These 
horse-shoe  magnets,  as  they  are  called, 
may  be  render^  magnetic  by  the  same 
process  as  a  straight  bar ;  the  magnets 
by  which  they  are  rubbed  being,  of 


course,  made  to  follow  the  curvature  of 
the  bar.  The  method  of  ^pinus  is  best 
suited  for  the  conununication  of  mag* 
netism  to  bars  of  this  shape. 

(2 1 0.)  Horse-shoe  magnets,  that  have 
their  poles  brought  very  hear  to  each 
other,  are  exceedingly  convenient  as 
substitutes  for  the  compound  ipa^nets 
employed  in  the  process  of  magnetizing 
by  the  double  touch.  They  fulfil,  in- 
deed, all  the  purposes  of  compound 
magnets  in  this  operation ;  and  if  placed 
at  once  on  the  middle  of  the  needle  to 
be  magnetized,  with  the  poles  turned  in 
a  direction  the  reverse  of  that  of  the 
poles  intended  to  be  given  to  the  needle, 
and  then  moved  backwards  and  forwards 
along  the  surface  of  the  needle,  taking 
care  to  pass  over  each  half  of  it  an  eqiuQ 
number  of  times,  and  repeating  the  same 
operation  on  the  other  side,  the  needle  is 
speedily  and  effectually  rendered  mag- 
netic. The  readiness  with  which  this 
may  be  put  in  practice,  and  the  absence 
of  all  previous  preparation,  are  strong 
recommendationii  in  favour  of  this  form 
of  magnet. 

(211.)  Powerful  magnetic  batteries 
are  sometimes  constructed  by  uniting  a 
number  of  horse-shoe  magnets,  laying 
them  one  over  the  other  with  all  their 
poles  similarly  disposed,  and  fastening 
them  firmly  together  in  a  leathern  or 
copper  case. 

$  13.  Preservation  of  Magnets. 

(212.)  From  what  has  been  already 
said  respecting  those  circumstances 
which  tend  to  produce  or  to  destroy 
magnetism,  we  may  easily  devise  rules 
for  the  preservation  of  magnets,  for, 
unless  It ept  with  care,  and  with  the  ob- 
servance of  certain  precautions,  they 
soon  lose  their  power. 

(213.)  If  a  single  ma^et  be  kept  in 
an  improper  position,that  is,  one  difiering 
much  from  that  which  it  would  assiune  in 
const  quence  of  the  action  of  terrestrial 
magnetism,  in  process  of  time  it  becomes 
^adually  weaker ;  and  this  deterioration 
Ls  most  accelerated  when  its  poles  have 
a  position  the  reverse  of  the  natural  one. 
Under  these  circumstances,  indeed,  un- 
less the  magnet  be  made  of  the  hardest 
steel,  it  will  in  no  long  time  lose  the 
whole  of  its  magnetic  power.  Two 
magnets  may  also  very  much  weaken 
each  other  if  they  be  kept,  even  for  a 
short  time,  with  their  similar  poles 
fronting  each  other.  The  polarity  of  the 
weaker  magnet,  especially,  is  rapidly 
impaired,  and  sometimes  is  found  to  be 
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aclaally  reversed.  More  frequently,  how- 
ever, there  arises,  from  this  opposition 
of  powers,  considerable  irregularity  and 
confusion  in  the  poles  of  hoth  magnets. 
Heat,  as  we  have  seen,  impairs  mas:- 
netism:  care  should  therefore  be  taken 
to  avoid  exposins:  magnets  to  a  hi^h 
temperature.  We  should  likewise  be 
very  cautious  to  avoid  all  rough  and 

violent  treatment  of  a  magnet ;  for  we  of  the  projections  need  not  exceed  the 

have  seen  how  cjuickly  its  virtue  is  lost  tenth  of  an  inch ;  and  so  in  proportion 

by  any  concussion  or  vil)ration  among  for  larger  loadstones.    The  thickness  of 

its  particles.     A  fall  on  the  floor,  espe-  the  plates,  also,  must  he  regulated  hy 

cially  if  it  strike  against  any  hard  sub-  the  strength  of  the  loadstone,  and  can 

stance,  will  materially  weaken  it:  rub-  scarcely  be  determined  without  previous 

bingwitli  coarse  powders,  for  the  purpose  trial  in  each  particular  case.    The  best 

of  polishing  it,  and  grinding,  in  order  to  way,  therefore,  is  to  make  them  tolera- 

brin^  it  to  anv  required  form,  are  equally  bly  thick  at  first ;  and  then  file  off  suc- 

injurious.    A  natural  loadstone  will,  in  oessive  layers,  until  we  find,  by  actual 

like  manner,  suffer  by  such  an  operation ;  experiment  on  the  power  of  the  loadstone 

hence  we  should  attempt  to  alter  its  natu-  after  each  reduction,  that  we  cease  to 

ral  foria  as  little  as  possible ;  and  when  obtain  any  advantage  ;  for  the  power 

it  is  necessary  to  do  so,  it  should  be  increases  gradually  to  a  certain  limit, 

effected  very  rapidly  by  cutting  it  briskly  at  which  the  filing  onght  to  be  difcon- 

in  the  thin  discs  of  a  lapidary's  wheel.  tinued.    The  armature  of  a  loadstone 

(214.)  Although  the  loadstone  retains  should  be  fixed  on   it  very  firmly,  bv 

its  magnetic  virtue  more    tenaciously  wires,  or  by  an  external   case,  which 

than  any  artificial  magnet    that    can  should  be  made  of  any  metal  which  is 

be  constructed,  yet  even  this  body  re-  not  susceptible  of  magnetism.     Lo«d- 

quires  a  certain  management  for  the  stones  are  sometimes  cut  into  a  spherical 

permanent  preservation  of  its  power,  shape,  in  imitation  of  the  earth,  and  are 

For  this  purpose  it  should  be  armed,  as  then  called  terrellip.    Their  armatures 

it  is  called;  that  is.  an  armature  of  iron  should,  in   that  case,  be  adapted  to  the 

should  be  applied  to  both  its  poles.     In  curvature  of  the  surface,   and  should 

order  to  do  this    most  etleclually,  we  each  cover    about    a  quarter  of    that 

must  first  ascertain  the  situation  of  the  surface. 

poles  of  the  loadstone;  and  cutting  off  (216.)  The  addition  of  armatures  to  a 
all  the  superfluous  parts,  give  it  the  loadstone  is  found  to  have  a  very  favour- 
shape  of  a  parallelopiped,  having  the  able  effect  in  augmenting  its  strength, 
poles  in  the  middle  of  two  ooposite  sur-  and  this  increase  of  strength  goes  on  for 
faces,  and  at  the  same  time  taking  care  to  a  considerable  time  after  they  have  been 
preserve  the  axis,  which  passes  throucfh  applied.  But  there  is  another,  and  a 
the  poles,  of  as  great  a  lenirth  as  can  be  still  more  im])ortant  advantage  resulting 
obtained :  for  it  has  been  observed,  that  from  them,  in  enabling  us  to  direct  the 
any  curtailment  of  the  magnet  in  the  power  of  the  loadstone,  and  to  concen- 
direction  of  this  line  deprives  it  of  force  trate  it  into  a  small  space.  The  polarities 
in  a  greater  degree  than  when  shortened  of  loadstones  are  often  difiused  overs 
m  any  other  (Hrection.  considerable  part  of  their  surface;  ami 

(215.)  Two   plates  of  very  soft  iron  these  scattered   forces  could  never  l)€ 

must  next  be  provided,  equal  in  breadth  made  to  bear  upon  any  point  on  which 

to  the  surfaces  containmg  the  poles,  and  they  are  recjuirwi  to  act,  unless  by  the 

a  little  longer  than  those  surfaces ;  so  intermedium  of  some  substance  which 

that,  when  applied  fo  them,  a  portion  of  mitrht  collect  and  unite  them.     The  iron 

each  plate  shall  project  beyond  the  load-  armatures    supply     this    intermedium, 

stone  to  a  small  extent.     In  /fe-.  58,  Kr  They  receive  at  their  expanded  part  the 

represents  the    sections    of  these  iron  inductive  influence  of  all  the  scattered 

plates  affixed  to  the  opposite  sides  of  the  poles  residing  in  the  surfaces  to  which 

loadstone  L ;  and   P  p  the  projecting:  they   are    applied ;    and  this  influence 

pieces.    These  projectm:;  pieces  should  being  transferred  to  the  narrow  extre- 

be  much  narrower  than  the  other  jwrtion  '  mity,  is   there  concentrated,   and   acts 

of  the  plates.     For  loadstones  weighing  with  full  eftect.     Hy  this  exptnlient  also, 

letp  than  an  ounce,  the  lower  surfaces  the  resultant  forces^  derived  from  eac^ 
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single  .pole,  are  brought  near  to  each  Fig,  60. 

other,  and  their  directions  rendered  pa- 
rallel: they  are,  therefore,  made  to 
conspire  in  various  actions  which 
require  the  joint  operation  of  both 
poles,  such  as  that  of  elidtins;  magne- 
tism by  the  double  touch.    The  same 

advantages,  indeed,  are  procured  by  this  but  because  they  are  then  less  liable  to 

construction  as  we  have  already  seen  contract  rust   It  is  convenient  that  those 

obtain  m  the  case  of  horse -shoe  mag-  ends  which  have  the  northern  polarity 

nets  when  compared  with  straight  mae-  should  be  marked  with  a  line  all  round 

neticbM?.    Thus  we  find  that  a  load-  in  order  to  distinguish  the  rtspective 

stone  which,  m  the  natural  state,  would  polea  in  each  magnet, 
appear  to  be  exceedingly  feeble,  will  pos- 
sess, when  properly  armed,  veryconsi-  Chaptbr  VI. 
derable  magnetic  powers.                                        •,       ^ •    r    *_        a 
(217.)  The  armature  of  a  loadstone                 Magnetic  Jfutrummts. 

not  only  contributes  to  exalt  its  magnetic  (219.)  In  every  branch  of  science, 
virtue,  but  also  furnishes  us  with  the  the  value  of  a  correct  theory  is  best 
means  of  preserving  it  uninjured.  Its  estimated  by  the  extent  and  importance 
two  poles,  being  now  transferred  to  the  of  its  practical  applications.  The  nearer 
extremities  of  the  armatures,  or  to  each  its  approach  to  perfection,  the  ^ater 
foot  of  the  armature,  as  it  has  been  the  assistance  we  derive  from  it  m  cgn- 
called,  on  connecting  these  poles,  by  ap-  strncting  instruments  for  the  accurate 
plying  to  them  a  bar  of  soft  iron,  A  (/ig.  measurement  of  spaces,  of  times,  or  of 
58^,  we  may  effectually  prevent  the  dissi-  forces,  and  for  the  accomplishment  of 
nation  of  their  ma^etism.  This  cross-  the  objects  which  relate  to  that  particu- 
bar  performs  a  similar  function  with  lar  science.  It  is  thus  that  in  mag- 
relation  to  these  poles  that  the  iron  plates  netism,  if  the  theory,  developed  in  the 
do  to  the  loadstone  itself — it  acts  as  a  preceding  part  of  this  treatise,  be  cor- 
secondary  armature ;  and  we  find,  after  ri*ct,  it  ought  to  furnish  principles  for 
applying  this  bar,  that  the  apparatus  the  construction  and  management  of 
gradually  acquires  greater  power  up  to  magnetic  instruments,  such  as  the  com- 
a  certain  limit.  Such  therefore  is  the  pass,  dipping-needle,  &c.  Our  limits 
mode  in  which  loadstones,  when  not  in  permit  us  only  to  point  out  the  leading 
use,  should  always  be  kept,  with  a  view  principles  which  particularly  deserve 
to  the  preservation  of  theii  powers.  attention  in  the  case  of  each  kind  of 
(218.)   Directions  of  a  similar  kind,  instrument. 

and  derived  from  the  same  principles,  .      f\r»i.^n ^^.. 

apply  also  to  the  preservation  of  artificial  *  ' '  ^/  '^*  Cwn^^$. 
magnets.  Horse-shoe  magnets  should  (220.)  The  term  compass  is  a  general 
have  a  short  bar  of  soft  iron  (A,  Jig,  59)  name  for  all  instruments  calculated  to 
Ffg,  59.  adapted  to  connect  the  two  indicate  the  position  of  the  magnetic 
poles,  and  should  never  he  meridian,  or  of  objects  with  reference  to 
laid  by  without  having  such  that  meridian,  whether  adapted  for  being 
a  piece  of  iron  adhering  to  used  on  land,and  in  the  bottoms  of  mines, 
Ihem.  Bar  magnets  should  where  we  have  a  stable  support  at  com- 
be kept  in  pairs,  lying  pa-  mand.  or  for  observation  at  sea,  where 
rallel  to  each  other,  with  the  perpetual  agitation  of  the  surface 
their  poles  turned  in  con-  deprives  us  of  that  advantage, 
trary  directions,  and  the  dis-  The  first  class,  which  merely  show 
similar  poles  on  each  side  us  the  direction  of  the  ma&metic  meri- 
connected  by  a  bar  of  soft  dian,  includes  the  Land  Cormpass,  the 
iron ;  so  that  the  whole  may  Mariner's  Compass,  and  the  Variation 
form  a  parallelogram  as  in  Compass ;  the  second,  or  those  which 
0g,  60.  They  should  fit  into  mark  the  angular  distances  of  objects 
a  boj  when  thus  arranged,  from  this  meridian,  are  called  Azimuth 
80  as  to  guard  against  accidental  con-  Compasses, 

cussions,  and  to  preserve  them  from  the        (221.)  Whatever  modifications  may 

dampness  of  the  atmosphere.     Magnets  be  rendered  necessary  by  the  particular 

should  be  polished,  not  indeed  with  a  purpose  of  the  compass,  the  essential 

view  to  the  increase  of  their  magnetism,  parts  of  which  it  consists  are  the  sama 
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in  all— namely,  a  magnetised  bar  of  name  manner  In  etch  caie.     ibttprei* 

steel,  ^nerally  termed  the  needle,  hav-  iure  is  proportional  to  the  weight  of 

ing  at  its  centre  a  cap  fitted  to  it,  which  the  needle  and  the  parts  which  turn 

is  suppoiled  on  a  sharp-pointed  pivot  with  it.     Coulomb  concluded,  from  a 

fixed  m  the  base  of  the  instrument.    In  set  of  experiments  he  made  with  a  view 

the  mariner's  compass,  the  needle  is  to  ascertain  this  particular  point,  that 

also  affixed  to  a  circular  plate,  or  card,  when  the  pivots  terminate  m  a  sharp 

the  circumference  of  which  is  divided  point,  and  the  caps  are  made  of  veiy 

into  degrees,  while  an  inner  circle  de-  hard  materials,  the  firiction  is  very  nearly 

scribed  upon  it    is  marked  with   the  proportional  to  the  square  root  of  the 

thirty-two  points  of  the  compass,  or  cube  of  the  weights.    But  after  long 

rAiim6«,  as  they  are  called.    The  pivot  of  use,  the  point  of  the   pivot  becomes 

support  rises  from  the  bottom  of  a  circu-  blunted,  and  the  surface  of  contact  with 

lar  box,  which  contains  the  needle  and  the  bottom  of  the  cxp  is  considerably 

its  card,  and  is  covered  with  a  piece  of  enlarged.     In  this  state  the  friction  is 

glass,*  in  order  to  protect  them  from  found  to  be  simply  proportional  to  the 

dust,  and  prevent  their  being  disturbed  pressure. 

by  the  agitations  of  the  external  air.  (224.)  Assuming  this,  then,  to  be  the 

Tne  compass  box  is  suspended  within  a  law  of  relation  l)etween  them,  let  us 

larger  box,  by  means  of  two  concentric  take  a  magnetized  needle  of  any  given 

brass  circles,  or  gimbals,  as  they  are  size  and  shape,  and  support  it  upon  a 

called ;   the  outer  one  being  fixed  by  pivot  in  the  usual  manner.    Let  us  next 

horizontal  pivots,    both  to  the    inner  place  upon  it  another  needle,  precisely 

circle  which  carries  the  compass  box,  similar  in  all  its  dimensions,  and  mag- 

and  also  to  the  outer  box ;  and  the  two  netized  to  the  same  degree.    The  pres- 

sets  of  axes  being  in  directions  at  ri^ht  sure  on  the  pivot  will  now  be  double 

angles  to  one  another.    By  the  combi-  what  it  was  before;  and  therefore  the 

nations  of  movements  determined    by  hiction,  which  is  proportional  to  that 

these  axes,  the  inner  circle,  with  the  pressure,  will  he  double  also.    But  the 

compass  box  and  its  contents,  always  directive  force,  though  increased,  will 

retains  a  horizontal  position,  during  the  not  be  twice  as  great  as  with  the  single 

rolling:  of  the  ship.  needle ;  because,  as  was  formerly  shown, 

(222  )  The  qualities  required  in  the  the  reaction  of  the  similar  poles  of  the 

needle  of  the  compass,  for  the  perfect  two    magnets    tends    to  diminish   the 

performance  of  its  office,  are  these; —  power  of  eadi.    Hence  the  ratio  t)e- 

first,  its  directive  force  compared  with  tween  the  directive  force  and  the  resist- 

its  weight,  or  with  the  mass  which  that  ance  is  diminished,  and  the  compound 

power  has  to  set  in  motion,  should  be  needle  is  less  sensible  to  the  magnetic 

as  great  as  possible ;    while,  secondly,  influence  of  the  earth,  and  less  fitted  for 

the  impediments  to  the  exertion  of  that  indicating  the  magnetic  points   of  the 

force,  and  which  consist  principally  in  compass.    The  same  mode  of  reasonint; 

the  friction  between  the  cap  and  nivot,  applies  to  any  increase  of  thickness  that 

should  be  as  small  as  possible.     Hence  may  be  given  to  the  needle.     Hence  it 

it  becomes  important  to  consider  the  appears,  that  when  all  other  conditions 

relation   subsisting  between  these  op-  are  the   same,   needles  of  very   small 

posing:  forces,  and   to  ascertain   those  thickness  possess  the  greatest  sensibi- 

conditions  which  E;ive  the  trreatest  pre-  Uty  to  terrestrial  magnetism.     To  this 

ponderance  to  the  directive  force.  general  proposition  there  is,  however,  a 

(223)  The  friction  that  takes  place  limit;   inasmuch  as  excessive  thinness 

between  the  pivot  and  the  cap  which  in  the  needle  would  endanger  its  t)end- 

rests  on  it,  will,  in  different  compasses,  ing  by  its  own  weight,  which  would  In; 

bear  a  certain  proportion  to  the  pressure  attended   with  a  considerable   loss   of 

on  I  he  points  of  sup|)ort,  provided  these  power, 

parts  are  constructed  precisely  in   the  (225.)  With  regard  to  the  most  ad- 

—      . vaiitageous  length  for  a  comjmss  needle, 

•  An  electrical  Htute  of  the  kUsr  cover,  aeti-  j^  appears  that  wheu  we  have  imssed  a 

deiita'ly  excited  by  tnctKin,  hiio  been   known  to  •      i       •*        u-    l   •        t         *  ^     *   •       v. 

occusiou  a  Hensiblc  disturbance  of  the  needle,  by  Ceitam  limit,  WhlCh  l<vat)OUt  Tive  lUcheS 

nttructiiiK  Its  ends.   TJiin  attraction,  when  it  t-x-  an  increase  of  length  is  accompanied  by 

IstM,  maybe  at  t. ice  destroyed  by  n]oi>,tenlnK  the  „„  ;„  .„        ,,  -^    ii,..    j-        4-        c            •      t\\^ 

..urtHce  of  the  gia.s.    See  iMiii.  T.ans.  fur  174.;.  «"  mcrease  lu  the  directive  force  in  the 


\ 


p. 'J4.».    See  aUo  the  ob»ervation(»  on  tiie  locoi  and  same  proportion  ;  but  when  the  thick- 

electrical  iullueiutH   »n   eoniyajse.  by  Lieulenaut  ,,^j^j^  remains  tllC  Same,   the  WiMU'ht,  aiui 
Johnson,  Ml  the  2l"t  volume  of  Ihe  Quarterly  Jour-  ,.      ,,        -.     .'  .      ^•*."«»" 

nui  of  Science,  p. -»;4.  Consequently  the  fiiclion,  increases  lo 
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the  very  same   ratio;   no  advantage,  kind  was  pit-reed,  a»  shown  mj!g,e\: 

therefore,  as  to  directive  [tower  can  be  the  weight  so  lost  being  made  up  by 
obtained   t)y   any  increase   of  length. 

Beyond  the  limit  just  mentioned,  there*  ^^S*  ^'* 
fore,  all  needles  having  the  same  trans- 
verse dimensions  should,  according  to 
heorv,  be  equally  sensible,  whatever  be 
their  lengths.  But  it  is  found  in  prac- 
tice, that  needles  which  exceed  a  very  additional  thickness.  It  is  evident  that 
moderate  length  are  liable  to  have  seve-  these  pierced  needles  had,  though  of 
ral  consecutive  poles,  attended,  as  we  equal  mass,  much  less  extent  of  surface 
have  seen,  with  a  great  diminution  of  than  those  which  remained  solid.  Hav- 
directive  force.  On  this  account,  short  ing  formerly  had  in  his  possession  a 
needles,  made  exceedingly  hard,  are  compass  of  extraordinary  |K)wer,  the 
generally  preferable.  needle  of  which  was  composed  of  pieces 
(226.)  The  next  object  of  atten-  of  steel  wire  put  together  in  the  shape 
tion  in  the  construction  of  a*  compass  of  a  rhombus,  he  procured  two  needles 
needle  is  the  shape  which  is  most  fa-  of  this  form  (Jig.  62),  made  from  a 
vourable  to  the  acquisition  of  the  Fig,  62. 
fin^eatest  directive  power.  Various 
have  been  the  forms  given  to  com- 
pass needles;  the  choice  having  l>een 
regulated  more  by  the  whim  and  fancy 
of  the  maker,  than  by  any  reference  to 
scientific  principles.  The  forms  most  piece  of  clock  spring,  which  is  of  that 
frequently  met  with  are  the  cylindric,  Kind  of  steel  called  shear  steel.  In  one, 
the  prismatic,  that  of  a  rhombus  or  the  cross  piece  was  of  brass;  in  the 
parallelogram,  and  that  of  the  flat  bar,  other,  formed  of  part  of  a  clock  spring, 
tsqxrring  like  an  arrow  at  the  extremi-  They  weighed  only  45  grains, 
ties.  Coulomb,  who  made  many  expe-  (228.)  The  results  of  the  inquiry 
riments  on  the  subject,  gave  a  decided  were,  that  shear  steel  is  capable  of  re- 
|>reference  to  the  last  mentioned  of  these,  ceiving  the  greater  magnetic  force  ;  and 
as  l>eing  that  which,  with  a  given  weight  that  the  pierced  rhombus  is  the  best 
of  needle,  retains  the  strongest  directive  form  for  a  compass  needle.  NetKlles  of 
fiiroe.  On  the  other  hand,  he  found,  cast  steel  were  also  tried,  but  were 
that  any  expansion  of  the  needle  at  its  found  so  very  inferior,  as  at  once  to  be 
extremities,  a  form  wjiich  has  sometimes  rejected.  In  the  same  plate  of  steel,  of 
been  recommended,  is  attended  with  a  the  size  of  a  few  square  inches  only, 
sensible  diminution  of  power.  From  the  portions  are  found,  varying  considera- 
whole  of  his  experiments,  he  was  led  to  bly  in  their  capability  oi  receiving  mag« 
the  general  conclusion,  that  in  needles  netism,  though  not  apparently  differing 
of  the  same  form,  their  directive  forces  in  any  other  respect. 
are  to  each  other  as  their  masses.  (229.)  Captain  Kater  next  endea- 
(227.)  This  inquiry  has  been  still  fur-  voured  to  determine  the  effects  of  va- 
ther  pursued  by  Captain  Kater,  whose  rious  modes  of  hardening  and  tem- 
paper  in  the  Philosophical  Transactions,  pering  the  needles.  He  found  that 
already  alluded  to  ({  201),  contains  an  hardening  a  needle  throughout  consi- 
account  of  a  series  of  experiments  for  derably  diminishes  its  capacity  for  mag- 
determining  the  best  kind  of  steel  for  netism.  The  greatest  directive  force 
fi  compass  needle,  and  the  best  form  was  obtained  by  a  needle  which  was 
that  can  be  given  to  it.  He  found,  soft  in  the  middle,  and  its  extremi- 
on  comparative  trial,  that  the  directive  ties  hardened  at  a  red  heat.  He  at 
force  is  little,  if  at  all,  influenced  by  first  thought  that  the  most  effectual 
extent  of  surface,  but  de})ends  almost  means  of  increasing  its  retentive  power, 
entirely  on  Uie  m&ss  of  the  needle,  would  be  first  to  soften  it  throughout* 
when  magnetized  to  saturation.  Two  and  then  harden  it  at  the  extremities, 
needles  were  pre)  ared  of  that  kind  instead  of  first  entirely  hardening  it,  and 
of  steel  which  is  called  blistered  steel,  afterwards  softening  it  in  the  middle, 
and  two  of.  spur  steel,  each  weighing  But  subsequent  experience  induced  him 
66  grains.  They  were  of  the  form  of  a  to  attribute  the  difference  of  effect  to  a 
long  ellipse,  five  inches  in  length  and  difference  in  the  degree  of  heat  to  which 
half  an  inch  in  width.     One  of  each  the  needle  is  exposed  in  softening  it  in 
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the  middle.    Repeated  exposure  to  heat  disposition  of  the  magnetie  power  of  a 
was  found  considerably  to  impair  the  steel  bar,  whatever  shape  we  may  pvt 
susceptibUity  of  the  needle  to  retain  the  to  it,  or  whatever  process  we  may  em- 
magnetic  power  communicated  to  it ;  ploy  for  its  magnetization, 
an  effect  which  does  not  appear  to  be  (233.)  The  consequence  of  the  un- 
owing  to    any  decarbonization  of  the  equal  distribution  of  magnetism  on  the 
steel.     Captain  Kater  suggests  that  tliis  two  sides  of  the  needle,  is  evidently  tc 
deterioration  may  arise  from  a  perma-  produce  a  deviation  of  its  axis  from  the 
nent  expansion  produced  in  the  texture  true  magnetic  meridian ;  and  the  instni- 
of  the  steel  by  tne  repeated  application  ment  will  therefore  fail  to  point  out  the 
of   heat ;    for  the  springs  of  clocks,  real  direction  of  this  meridian.    There 
which  was  the  material  used  in  his  ex-  is  only  one  way  of  discovering  the  ex- 
periments, being  made  by  passing  the  istence  and  the  amount  of  the  deviation 
steel  through  rollers,  when  it  undergoes  proceeding  from  this  cause ;   it  is  to 
great  compression,  it  is  probable  that  reverse  the  needle,  that  is,  to  turn  up- 
the  state  of  condensalion  thus  induced  wards  that  surface  wliich  was  before  the 
is  exceedingly  favourable  to  the  reten-  under  surface ;  and  when  thus  reversed 
tion  of  magnetism.  to  balance  it  as  nearly  as  possible  in  the 

(230.)    The  process  which,  on  the  same  point  in  its  axis  as  that  on  which 

whole,  he  recommends  as  the  most  ef-  it  was  before  supported.    If  the  needle, 

fectual  for  giving  to  a  needle  the  great-  in  this  new  state  of  suspension,  finally 

est  susceptibility  of  directive  power,  is  settles  in  a  position  somewhat  different 

first  to  harden  it  throughout  at  a  red  from  that  it  before  assumed,  we  may 

heat,  and  then  to  soften  it  from  the  conclude  that  the  axis  indicated  by  its 

middle  to  within  an  inch  of  each  extre-  figure  is  not  its  true  maioietic  axis  ; 

mity,  by  exposing  it  to  a  heat  sufficient  and  that  the  latter,  which  alone  tends  to 

to  cause  the  blue  colour  which  arises  arrange  itself  in  the  magnetic  meridian, 

again  to  disappear.  lies  in  a  situation  exactly  bisecting  the 

(231.)  Ttie  effect  of  previously  pa-  two  positions  assumed  by  the  needle 

lishing  the  nec*dle  to  be  magnetized  was  in  these  two  different  modes  of  suspen- 

not  found  by  Captain  Kater  to  have  any  sion. 

sensible  influence  on  its  capacity  for  re-  (234.)  When   compasses     are    con- 

Cfivint^  direct  ive  p:>\ver.     Neither  did  stnicted  of  two  separate  pieces  of  steel 

any  advantage  result  from  the  employ-  bars,  slightly  bent  at  an  obtuse  angle  in 

nuMit  of  increased  pressure  in  applying  the  middle,  so  as  to  allow  a  space  for 

the  magnets  over  the  surfaces  of  the  tiie  placing  of  the  brass  cap  on  which 

needle  during  the  process  for  magnet-  it  is  to  be  suspended  at  the  centre,  and 

izing  them  ;   but,  on  the  contrary,  in  the  two  pieces  joined  by  their  extremi- 

one  instance  it  seemed  to  be  attended  ties  so  as  to  compose  a  lozenge-shaped 

with  a  diminution  of  effect.  combination,  they  are  exceedingly  liable 

(•232.)  It  is  an  important  requisite  in  to  the  imperfection  just  noticed.  For, 
a  compass  needle  that  its  polarities  unless  the  ends  of  the  separate  pieces 
should  be  concentrated  as  much  as  which  compose  such  a  needle  have  lieen 
possible  in  its  two  extremities,  and  un-  brought,  by  tempering,  to  an  exactly 
disturbed  by  the  action  of  any  conse-  etjual  decree  of  hardness,  that  sidb 
cutive  poles  existing  at  intermediate  which  is  the  hardest  will  retain  inore 
points.  We  have  already  had  occasion  magnetic  power  than  the  other  side; 
to  remark  (j  193)  how  much  the  direc-  and  will,  consequently,  have  a  stronger 
five  force  of  a  needle  is  impaired  by  tendency  to  place  itself  in  the  magnetic 
irregularities  in  the  distribution  of  its  meridian.  The  needle  will,  accordingly, 
magnetism,  attended  either  by  a  nuilti-  incline  on  the  side  which  favoun 
plicity  of  poles,  or  by  an  inequality  in  this  tendency,  and  the  line  joining  its 
the  strength  of  the  two  princqial  |ioles.  extremities,  and  which  must  be  regarded 
It  is  on  this  account  that  Duhamel's  as  the  axis  of  its  figure,  will  deviate 
process  of  mas,'netizinu  is  so  much  pre-  from  the  magnetic  meridian.  This  evU 
ferahle  to  that  of  .iipinus  for  im|)Hriinir  will  have  a  tendency  to  increase  by 
majfnetism  to  compass  needles;  being  time:  for  the  stronger  majjnet  ism  of  one 
more  conducive  to  uniformity  of  trtVct  side,  will  tend  first  to  impair,  and  st 
ill  every  portion  of  the  needle.  IJut  Kuiith  destroy,  or  even  finally  to  re- 
even  with  all  the  care  that  can  be  verse,  the  polarities  of  the  part's  on  the 
bestowed,  we  cannot  always  be  certain  other  side  to  which  they  are  adjacent, 
of  obtaining  perfect  regularity  in  the  (235.)   The  mode  in  which  com|iMs 
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re  to  be  suspended,  h  well  de-  magnetic  force  which  gives  them  mO'> 

»f  attention.    In  order  to  pro-  tion,  and  the  friction  also,  being  aug* 

oncave  surface,  by  which  the  mented  in  the  xame  proportion,  con- 

ly  rest  on  the  pivot  which  is  to  spires  to  diminish  the  freedom  of  the 

t,  such,  that  tne  point  of  sus-  motion  cf  the  needle,  and  to  impair  its 

nay  be  just  above  the  centre  of  sensihility. 

it  is  generally  necessary,  in  the        (237.)  The  best  precaution  to  be  taken 

leedle,  to  make  a  perforation  in  for  ensurins:  the  steadiness  of  the  move- 

,  and  to  rivet  into  the  hole  a  ments  of  the  compass,  under  aU  dreum- 

lammered  brass,  the  lower  side  stances,  is  to  balance  the  needle  aecu- 

has  been  hollowed  into  a  coni-  rately  upon  its  centre,  before  the  card  is 

^,  while  its  upper  convex  sur-  applied.    Care  should  he  tiUcen  that  fl.a 

lowed  to  project  a  little  above  card  is  uniform  throughout  in  its  thick- 

of  the  upper  surface  of  the  nessaiid  texture,  and  be  perfora<eil  with 

t  is  found,  however,  that  lirass  is  a  circular  hole  in  its  centre,  so  thnt 

)le  of  being  rendered  sufficiently  when  united  to  the  needle,  the  equilr- 

esist  the  continued  action  of  tKe  Inium  of  the  whole  may  be  perfectly 

inst  which  it  rubs  in  every  mo-  preserved.    In  order  to  fix  it  to  the 

e  compass.    In  process  of  time  needle,  the  latter  is  tapp<Ki  with  two 

t  into  an  irregular  hole,  giving  small  screw- holes,  at  the  distance  of 

eat  friction,  and  loss  of  mobi-  about  half  an  inch  from  each  end ;  and 

lie   compass.     This  defect  is  the  card  l)eing  placed  so  that  the  meri- 

-emedied    by  inserting  in  the  dian  line  marked  on  it  is  in  the  same 

.rt  of  the  brass,  a  piece  of  po-  vertical  plane  with  the  axis  of  the  needle, 

iite,  (rround  concave,  with  a  de-  and  holes  being  made  in  it  opposite  to 

tre.  The  be^it  compasses,  made  those  in  the  ne^e,  small  screws  are  in- 

ial  use,  are  thus  furnished  with  troduced,  so  as  firmly  to  fasten  them 

•s.  together.    In  order  to  secure  the  steadi^ 

Some  have  considered  the  per-  ness  of  the  compass  during  the  violent 

>f  the  needle  at  the  centre,  for  and  irregular  movements  to  which  the 

)se  of  suspension,  as  prejudicial  ship  is  liable,  the  suspension  of  the  box 

^ularity  of  the  magnetic  power,  by  the  gimbals  should  be  made  with 

nding  to  the  creation  of  an  ad-  great  care;  the  several  axes  of  motion 

lumber  of  poles.    But,  in  re-  being  so  adjusted  as  that  the  point  of 

ierangement  occasioned  by  the  suspension  on  which  tlie  needle,  with  its 

)Q  of  a  magnetic  bar  at  the  card,  is  supported,  be  exactly  in  the 

leutrality,  is  no|  found  to  be  at-  same  line  with  both  these  axes.  ^ 

th  any  sensible  inconveniences        (238.)    Complaints    are    frequently 

se*.    If  the  shape  siven  to  the  made  by  seamen,  that,  in  a  rough  sea, 

i  that  of  the  pierced  rhombus,  the  ordinary  compasses  are  so  unsteady 

mended  by  (Japtain  Kater,  no  as  to  prevent  their  being  easily  ob- 

ction  will  arise,  since  the  cross-  served ;  an  inconvenience,  which  they 

h  connected  the  obtuse  angles  are  apt  to  ascribe  to  the  needle's  being 

ombus  has  nothing  to  do  with  too  strongly  magnetic,  and  therefore  too 

etism  of  the  steel  bars  forming  easily  disturbed  by  the  irregularities  in 

yf  the  parallelogram,   li  would,  the  motion  of  the  vessel.    Tms  supposed 

,  be  easy  to  balance  a  straight  defect  they  endeavour   to  remedv  by 

lOut  removing  any  part  of  its  adding  a  weight  to  the  card :  and  thb  is 

5,  by  the  addition  of  a  rim  of  often  done,  very  injudiciously,  by  load* 

'Other  non-magnetic  sul)stance,  ing  it  with  sealing-wax.     Sometimes 

cumference  of  the  card,  so  that  they  stick  a  few  pieces  of  paper  on  the 

e  of  iO'avity  of  the  moveable  under  side  of  the  card,  to  serve  as  vanes 

ie  instrument  may  be  brought  which,  acting  upon  the  air,  may  create 

y  low  to  be  under  the  point  of  a  resistance  to  the  oscillations  of  the 

n.    But  a  little  reflection  will  needle.     It  has  even  been  proposed, 

at  more  would  be  lost  than  with  a  similar   design*  to  make   the 

f  this  expedient ;  for  every  ad-  needle  move  in  oil,  or  other    liquid, 

nt  is  made  to  the  weight  of  the  keeping  it  still  suspended,  as  usual,  on 

ich  have  to  move  iHong  with  its  pivot — the  fluid  serving  to  check  the 

e,  lessens  the  efficacy  of  the-  vibrations.    But  all  these  expedients, 

-r-UT— ; — ^    ,t-.w^  ^ TT"  calculated  to  diminish  the  mobility  of 

iti?rk  rxciiilfT^  the  needle,  by  counteracting  the  opera- 
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tion  of  its  directive  force,  are  prodnclive  leeii,  Tariei  'n  dtfibredt  pmr 

of  an  evil  of  a  much  more  serious  kind,  worid,  accordmg  to  the  ntuat 

than  any  that  can  arise  from  mere  un-  place  with  regard  to  the  magn 

steadiness:  for  it  is  evident  that  the  of  the  earth.    Henee,  when  th 

very  same  cause  which  makes  the  com-  is  transported  to  a  distant  p 

pass  partake  of  the  irregular  motions  of  globe,  a  different  adjustment 

the  snip,  forces  it,  in  the  same  degree,  made  of  the  wei^t  amdied 

to  deviate  from  its  proper  position  in  the  tendency  to  dip.  These  ac 

the  magnetic  meridian.    While  the  card  are  best  effected  l>y  means  of 

remains  apparently  steady,  the  steers-  piece  of  brass  placra  under  ti 

man  will  pursue  his  course,  unsuspicious  and  the  position  of  which  mi 

of  danger,  until  the  first  waminsr  of  his  according  to  circumstances,  o 

error  may,  perhaps,  be  the  sudden  ap-  side  or  the  other,  to  any  dist 

pearance  of  a  shore,  from  which  he  had  may  be  necessary      In  \mu^ 

imagined  himself  at  a  considerable  dis-  during  which  the  changes  of  b 

tance.    The  real  remedy  for  the  incon-  considerable,  the  position  of  t 

venient  vacillations  of  the  compass  is  lating  weight  requires  to  be  1 

that    we    have   already    pointed    out,  shifted,  in  order  to  acoomm 

namely,  the  accurate  adjustment  of  the  needle  to  the  varying  chanfse 

point  of  suspension  in  the  line  of  the  axis  nation  incident  to  the  variatio 

of  rotation  of  the  gimbal»,  which,  as  we  tude. 

have  before  observed,  ought  to  intersect        (240.)  The  Azimuth  Compi 

one  another  at  right  angles,  in  that  from  the  ordinary  Mariner's 

same  point.    In  addition  to  this,  it  may  only  in  the  circumflnience  of 

be  advantageous  to  increase  the  weight  box  being  provided  with  sighti 

of  the  magnet,  provided  its  directive  which  any  object,  either  in  tlM 

force  be  at  the  same  time  augmented,  or  above  it,  may  be  seen,  and 

This  may  be  efiPected  by  emplcwins:,  as  ings  from  the  magnetic  poin 

the  compass  needle,  a  ma^et  oi  greater  compass  determined,  byrefere 

thickness,    or    by    combining    several  position  of  the  card,  with  resp 

needles  together,  laying  them  parallel  to  sights.    For  this  purpose  the  i 

one  another;  for  if  both  the  magnetic  is  huni;  in  detached  gimbals, « 

power    and    the  weight,   (and    conse-  on  a  strong  vertical  pin,  fixed 

quently  the  friction,)   increase  in   the  box,  which  is    thus  capable 

same    proportion,  the  directive  power  moved  round   horizontally,  a 

will  remain  the  same  as  before;  ami  the  sights  being  directed  to  whate% 

compass,  thus  constructed,  being  hea-  is  to  be  viewed  through  them, 

vier,  will  be  deranged  to  a  less  extent  by  side  of  the  box  there  is  usuall; 

the  same  disturbing  force  ;   and  when  a  nut  or  stop;  which,  when  p 

deranired,  will  be  brouglit  back  by  the  presses  against  the  card  and 

directive  force  to  its  proper  bearing,  with  this  is  done  to  enable  the  ob 

the  same  facility  as  in  an  instrument  of  read  off  the  number  of  degie 

the  ordir.ary  construction.  card,  which  correspond  with 

(239.)     It  is  to  be  recoUccteil  that   if  or  perpendicular  line,  drawn  : 

a  needle,  in  its  unmagnetic  state,  be  so  side  of  the  box.     They  are  a] 

constnicted  as  that  it  shall  be  accurately  times  read  off  by  means  of  awir 

balanced  when  restina:  on  a  point  at  its  ing  from  one  sight  to  the  oth 

centre,  and  shall  maintain  itself  in  a  the  centre  of  the  card, 
horizontal   position,  and  if  it  be  after-        (241.)  Analogous  to  this  inst 

wards  magnetized,  the  influence  of  ter-  the  land  or  surveving-compass, 

restial  magnetism   will  cause  it  to  as-  also  furnished  witn  sights,  and  i 

sume   an   inclined  position,  one  of  its  reading  off  the  degrees  on  the  c 

ends  preponderating,   as  if  it  had  ac-  latter  object  is  effected  in  a  v 

quired    additional    wei;;ht      In    order,  nious  manner,  by  a  contrivaiK 

therefore,  to  restore    the  equilibrium,  Schmalcalder,  for  which  lie  p 

and  bring  it    back  to  the    horizontal  patent.  The  card  is  balanced  in 

plane,  it  will  be  necessary  to  add  a  cor-  manner,  and  contained  in  a  roi 

responding  weight  to  the  other  end  of  box,  with  two  sights,  the  one 

the  needle.  the  eye  is  applied  l^eing  fumii 

The  degree  of  inclination  in  the  un-  a  triangular    prismatic  lens, 

balanced    needle,    de|)ends    upon    the  other  being  an  oixin  sight,  with 

amount  of  the  dip,  wvuth,  «ls  vce  have  hurse-hair  line  extending  along  ii 
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n\  of  the  eve  being;  bisected  sides  of  the  ship.'  and  the  compnss  be 

ipper  ed|je  oi  the  pnsm,  as  in  placed,  as  is  usual*  in  the  binnacle,  in 

term  Lucida,  the  object  and  that  the  after  part  of  the  ship,  this  resultant 

the  circumference  of  the  card  force,  which  represents   the  combined 

h  the  deg;rees  are  marked,  are  action  of  the  iron,  will  be  situated  in  a 

the  same  time ;  the  former  by  vertical  plane  passing  through  the  oom* 

sion,  the  latter  bv  reflexion  from  pass,  and  through  the  axis  of  the  ship, 

tial  surface  of  the  inclined  face  and  will,  moreover,  have  a  certain  in- 

rism :  and  thus  the  coincidence  clination  to  the  horixon.  In  the  northern 

two  may  be  accurately  noted,  regions  of  the  globe,  the  inductive  in- 

I  of  the  same  kind  is  also  ap-  fluence  of  the  earth  on  unma^etic  iron 

Gilbert's  patent  Azimuth  Com-  consists  in  canying  the  southern  pola- 
rity upwards,  and  the  northern  polarity 

The  Variation   Compass,  de-  downwards,  ({  107,)  in  a  direction  pa- 

0  exhibit  the  diurnal  changes  of  rallel  to  that  of  the  dipping  needle.  The 

1  in  the  horizontal    magnetic  action  on  the  compass  of  a  piece  of 

las  generally  a  needle  of  much  iron  thus  brought  mto  a  state   of  in- 

ength,  than  those  of  other  kinds  duction    will,    therefore,    be   precisely 

asses ;  and  as  it  is  not  required  umilar  to  that  of  a  magnet  having  the 

round  the  whole  circumference,  position   of   the   dipping    needle,    and 

,  instead  of  being  circular,  is  placed  at  a  considerable  distance  from 

so  as  to  admit  of  a  deviation  of  the  compass.    If  it  be  placed,  with  re- 

or  25  degrees  from  the  middle  lation  to  the  compass,  exactly  in  the 

.  vernier  scale,  with  a  magnifier,  magnetic  meridian,  (that  is,  to  the  mag- 

ly  applied  in  order  to  estimate  netic  north  or  south  of  the  compass,)  it 

nges  of  position  of  the  needle  can  have  no  effect  in  disturbing  its  po- 

ater  precision.  sit  ion.    This  will  generally  be  the  case 

..     ,      ,  .^.      ^.       ^  - .      ,  when  the  course  of  the  ship  coincides 

the  Local  Attractton  of  VeiseU.  ^j^^  the  magnetic  meridian,  and  the 

The  indications  of  the  mari-  needle  of  the  compass  is  in  the  direction 

mpass  at  sea  are  liable  to  error  of  the  axis  of  the  ship.   But  if  the  ship's 

cause  which,  till  lately,  had  head  be  turned  to  the  eastward,  and  the 

en  supposed  capable  of  affecting  resultant  force  of  the  iron  in  the  ship  be 

Je.    It  consists  in  the  attraction  directed  in  a  hne  downwards  from  the 

lie  large  quantity  of  iron,  con-  compass,  that  force  will  he  represented 

.  various  parts  of  the  ship,  exerts  by  a  magnet  placed  in  the  same  oblique 

\  magnetic  needle:  for  although  line ;  and  the  south  pole  of  that  magnet* 

•n  of  each  individual  piece  of  iron  being  uppermost,  will   act  with  most 

;he  distance  at  which  it  is  placed,  power,  and  will  attract  the  north  pole  of 

insensible ;  yet  the  united  action  the  compass  needle,  causing  it  to  deviate 

hole  quantity  dispersed  in  every  towards  the  east    The  same  magnet, 

the  vessel,  may  amount  to  a  placed  to  the  westward  of  the  oomnass, 

Me  sum,  and  occasion  a  very  which  would  correspond  with  the  snip's 

t)le   deviation    of  the  compass  head  being  turned  to  the  west,  would  oc- 

true  position  in  the  magnetic  casion  a  westeriy  deviation  of  the  com- 

I.    This  will  happen  more  espe-  pass  needle.     In    the  southern  hemi- 

ships  of  war,  which  contain  a  sphere,  when  the  inductive  influenoe  of 

mber  of  guns,  of  iron-shot,  and  tne  earth  has  a  contrary  direction,  the 

-tanks,  and  various  parts  of  the  opposite  effects  would  result  from  the 

ork  of  the  ship  which  are  now  action  of  the  iron  in  the  ship ;  for  the 

iron.  action  would  then  be  represented  by  a 

If  we  suppose  each  particle  magnet,  having  a  position  with  respect 

to  exert   a  certain  attractive  to  its  poles,  the  reverse  of  what  it  had  in 

on  the  magnetic  poles  of  the  the  former  case. 
I  needle,  according  to  a  certain        (245.)  The  earliest  record  of  any  ob- 

greafter   to    be    determined,    it  servation  of  the  effect  of  this  local  at- 

to  understand  how  the  com-  traction  of  vessels,  occurs  in  the  voyages 

feet  of  all  these  forces  may  be  of  Captain  Cook ;  but  the  reason  of  the 

ed  as  equivaJent  to  one  simple  deviation  of  the  needle  does  not  appear 

t  fwce  acting  in  a  certain  direc-  to  have  been  suspected.'   The  first  dis- 

r  the  quantity  of  iron  be  con-  tinct  statement  of  the  real  cause  of  this 

at  equally  distributed  on  both  anomaly  is  contained  in  a.T«v^t\.  ^tQi\Bk 
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Mr.  Downie,  Muster  of  H.M.S.  Glory,  to  be  coUected  into  somdhiiix  Khi 

ill  which  Ihore  is  the  following;  pasMa^e:  focal  point,  or  centre  of  pnvity;fli: 

— *  I  am  convinced   that  the  quantity  that  this  pdnt  is  nearly  in  the  eentxttf, 

and  vicinity  of  iron  in  most  ships  have  the  ship,  where  the  shot  are  depoM 

an  effect  in  attractini^  the  needle;  for  for  here  tlie  greatest  quantity  of  iraii 

it  i»  found  by  experience  that  the  needle  collected  together.'     He   fuHher  ■» 

will  not  always  point  in  the  same  direc-  poses  that  this  point  is  endowed  «ii 

ti:)n  when  placed  in  different  parts  of  the  same  kind  of  attraction  as  the  pob 

the  ship.    Also,  it  is  rarely  found  that  of  the  hemisphere  where  the  ship  b; 

two  ships  steering  in  the  same  course,  consequently,  in  New  Holland,  the Mnft 

by  tlieir  respecti\«  compasses,  will  go  end  of  the  needle  would  be  attracted  bf 

exactly  parallel  to  each  other ;  yet  these  it,  and  the  north  end  repelled.    Od  thi 

compas'tes,  when  compared  on  board  hypothesis,  which  appears  to  be  the  tm 

the  same  ship,  will  agree  exactly*.*  one,  he  explains  the  phenomena  he  had 

(246.)  The  next  observations  on  this  observed,  and  also  dedueei  from  itn 

subject  were  those  of  Captain  Flinders  t>  a  necessary  consequence,  that  the  deri- 

who,  whilst  surveying  the  south  coast  ations  of  the  compass,  arising  from  (bi 

of  New   Holland,  in  H.  M.  S.  Investi-  attraction  of  the  iron  in  the  dun,  iini< 

gator,  in  1801  and  1802,  remarked  con-  when  the  ship  is  on  the  norOi  sneof  the 

siderable  differences  in  the  direction  of  magnetic  equator,  l)e  directly  the  reicne 

the  magnetic  needle,  when  there  was  no  of  those  he  had  observed  in  the  soathn 

other  apparent  cause  for  them,  than  the  hemisphere ;  that  is,  the  north  end  of 

ditferences  in  the  direction  of  the  ship's  the  needfe  would  be  attracted,  andthi 

head.    This  occasioned  much  perplexity  south  end  repelled.    This  theor)'  «as 

in  laying  down  the  bearings,  as  it  was  confirmed  by  other  observatkms,  made  ■ 

very  difficult  to  find  the  proper  allow-  the  same  ship,  in  the  British  CbanML 
ances  to  be  made  for  this  deviation  of        (247.)  The    observations  of  Caplni 

the  compass  in  estimating  them.    With  Flinders  excited  considerable  attentioa 

a  view  of  trying  how  far  an  alteration  at  the  time  they  were  published;  and  a 

in  the   disposition  of   the  iron  might  course   of  experiments  was,  in  eoua- 

tend  to  remedy  this  source  of  error,  cjuence,  made,  by  order  of  the  Adndnftf. 

Captain  Flinders  first  removed  two  guns,  in  various  ships  in  the  Nore.    ItwH 

which    had    stood  near  the  compass,  found  that,  in  every  ship  a  cofflpui 

into  the  hold,  and  afterwards  fixed  the  would  vary  considerably  in  its  poutkM 

suivoying  compass  exactly  a-midships  on  being  removed  hrom  one  part  of  At 

iijwn  the  binnacle ;  for  at  fiist  it  was  oc-  ship  to  another.    Although  the  pMOl 

casionally  shifted  to  the  weather-side  as  fact  was  completely  established  by  the« 

the   ships   went  about ;  but  neither  of  experiments,  they  did  not  then  lead  t» 

these  two  arrangements  produced  any  any  further  investij^ation,  until  thesidi- 

material  effect  in  preventing  the  devia-  jeet  was  aerain  brought  into  notice  hf 

lions  of  the  compass.     When  the  ships  Mr.  Bain,  who,  in  a  useful  treatise  whiefe 

head  was  to  the  east,  the  deviation  was  he  published  on   the  Variation  of  the 

westward;  and  the  contrary,  when  the  Compass,  placed  in  a  striking  point «f 

ships  head  was  to  the  west:  when  it  view  the  fatal  consequences  which  migll 

was  neariy  north  or  south,  no  deviation  attend  this  source  of  error.    The  att«- 

was  perceptible.    These  difftrences,  aris-  tion  of  the  public  was  also  partietdtflf 

ing  from  a  chanE:e  in  the  direction  of  drawn  to  the  subject  at  this  time,  in  cob- 

the  ship  with  regard  to  the  points  of  the  sequence  of  the  proposed  expeditions  ti 

compass,  were  less  considerable  as  he  the  Arctic  reinons,  from  which  it  was cfr 

proceeded  to  lower  latitudes  ;  and  on  ap-  jwcted  that  much  important  infonniM 

rroaching  the  line  of  no  variation,  upon  would  result  with   regard  to  tcnrrtiJi* 

the  south  coast  of  New  Holland,  the  magnetism.    The  local  attraction  of  the 

deviations  of  the  conqwiss  were  smaller  vessels  sent  out  on  these  expeditioDfim- 

than  either  before  or   afterwards.    In  made  a  particular  object  of  inquiry  ;lrf 

reasoning  on  the  cause  of  these  devia-  the  results  of  the  numerous  experimfl*; 

tions,  he  supposes  *  the  attractive  power  made  for  ihat  purpose,  are  detailed  V, 

of  the  ditJerent  bodies  in  the  ship,  which  Captains  Ross  and  Parry  in  their  to\ 

are  capable  of  effecting  the  compass,  counts  Of  their  respective  voyages;  ai; 

also  by  Captain  Sabine,  in  a  paper  ii 

•Walkers  Tn-atise  on  M»,fiietism,  published  ill  the  Philosophical  Transactions  *.    llii- 

17W  ;  (juott^l  by  Mr.  Barlow  in  hiai  hi*Ay  on  Majf-  * _^ 

Of  lie  AUractiouN.  " 

t  PhiloMpbic*!  Traouetiou  for  ISOS,  p.  1S6  •For  1819.  p.  lU. 
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stilted  liy  the  last  of  these  observers  ihnl,  inclination  of  this  plane  to  the  horizon 

in  the  Isabella  and  Alexander,  the  bin-  is,  therefore,  the  complement    to  the 

nacle  compasses  of  the  two  ships  were  ang^lc  of  the  dip.     In  London,  where  the 

soon  found  to  difi'er  ver>'  materially  from  latter  may  be  taken  at  70^,  this  ancle  is 

one  another,  in  indicating  the  course  consequently  20°.    The  section  of  this 

steered.    The  difference  was  frequently  plane  of  neutrality,  as  it  may  be  called, 

one  point,  or  eleven  degrees  and  a  quar-  by  a  horizontal  plane,  passing  through 

ter.     No  dependence  whatever  «ouId  be  the  centre  of  the  ball,  will  be  a  line 

placed  on  the  agreement  uf  comi)aSses  directed  to  the  .magnetic  east  and  west. 

ID  different  parts  of  the  ships,  or,  of  the  If  a  hollow  sphere,  of  considerable  dia- 

same  compass  with  itselt\  if   removed  meter,  be  supposed  to    extend  around 

but  a  few  inches.    Even  in  the  neit;h-  the  ball,  and  to  be  concentric  with  it, 

bourhcod  of  the  binnacles,  the  varia-  the  plane  al)ove  defined  will,  by  its  in- 

tion,  as  observed  amidships,  was  from  tcrsection  with  the  sphere,  form  a  great 

8"  to   10°  greater    than  the  result  of  circle,  which  may  be  regarded   as  the 

aamuths  taken  by  a  compass  placed  magnetic  equator  of  that  sphere,  with 

between  two  and  three  feet  on  the  lar-  relation  to  the  magnetic  action  of  the 

board  side,  and  an  equal  difference,  in  a  ball. 

contrary  direction,  took  place,  on  remov-  (250.)  Another  plane  of  neutrality  is 

ilig  the  compass  to  the  starboard  side ;  constituted   by   a    veitical    plane,  also 

all  of  which  introduced  great  diffculties  passing  through  the  common  centre  of 

in  the  ship's  reckoning.  the  ball  and  sphere,  and  including  the 

(248.)  An  extensive  investigation  of  magnetic  direction,  that  is,  the  line  of 
the  subject  was  now  instituted  by  Mr.  the  dip:  this  plane  is  evidently  that  of 
Barlow,  with  a  view  of  discovering  some  the  magnetic  meridian ;  and  it  also  inter- 
principle  of  computation,  or  other  sects  a  great  circle  on  the  imaginary 
method,  for  correcting  this  source  of  sphere. 

enor,  in  all  parts  of  the  world.  Tlie  re-  We  have  termed  these  two  planes  the 
suits  of  the  first  exj)eriments  he  made  planes  of  neutrality,  in  preference  to 
for  this  purpose,  were  pu))lished  by  him  adopting  the  name  of  planes  of  no  at' 
in  ISJO* ;  and,  in  1824,  there  appeared  traction^  by  which  Mr.  Barlow  has  de- 
a  second  and  greatly  extended  edition  of  signaled  thi'm,  because,  as  Poisson  has 
Ihe  same  work,  developing  the  mathe-  remarked,  it  is  not  the  whole  of  the 
matical  principles  which  regulate  the  attractive  force  exerted  by  the  iron  ball 
action  of  unmagnetic  iron  upon  a  mag-  that  vanishes  in  tliese  planes ;  but  only 
netized  neeille.  His  situation,  as  Pro-  that  ))art  of  this  force  which  occasions 
fessor  of  thelioyal  Military  Academy  of  deviations  in  the  natural  position  of  the 
Woolwich,  gave  him  the  means  of  pur-  needle,  which,  indeed,  is  the  only  force 
suing  his  experiments  upon  a  very  ex-  of  which  we  are  now  studying  the  effects, 
tended  scale;  as  he  couUf  procure,  with  Strictly  speakin?,  however,  there  re- 
facility,  considerable  masses  of  iron,  mains  another  force,  acting  in  a  direc- 
luch  as  balls  and  shells  of  every  deuiv  tion  parallel  to  the  dipping-needle,  but 
m'mation,  and  having  that  regularity  of  of  an  opposite  nature  to  the  action  of 
figure  which  was  most  favourable  to  the  earth,  and  tending,  therefore,  to  re- 
(1^  application  of  mathematical  formulsB.  tard  the  oscillations  of  the  needle. 
.  Ai  the  inquiry  is  important,  not  merely  There  is,  indeed,  no  plane  in  which  the 
from  Its  application  to  the  subject  of  the  attraction  of  a  sphere,  or,  in  general,  of 
local  attraction  of  vessels,  but  also  in  its  any  body  majrnetized  by  the  earth's  in- 
bearingt  on  the  whole  theory  of  magnet-  fluence,  becomes  evanescent. 
ism,  we  shall  briefly  state  the  principal  (251.)  In  like  manner,  other  meri- 
results  which  he  obtained.  dional  great  circles  may  l)e  conceived 

(249.)  Mr.  Barlow  ascertained,  that  a  on  the  sphere  cutting  the  equator  at  ri;?ht 
ball  of  iron  produces  no  disturbance  of  angles,  and  meeting  at  the  two  poles  of 
the  compass  needle,  when  the  latter  is  that  equhtor;  and  the  situation  of  any 
mtiiated  in  any  part  of  a  plane  passing  point  at  the  surface  of  the  sphere,  may 
through  the  centre  of  the  ball,  and  at  be  designated  by  its  distance  from  the 
ri^ht  angles  to  the  direction  of  the  dip-  equator,  measured  on  the  meridional 
ping  ne«ile,  in  the  place  where  the  ex-  circle  which  passes  through  the  point, 
penment  is  made.  The  angle  of  the  and  which  may  be  defined  its  magnetic 
: latitude;  togetner  with  its  distance  from 

•  Und«  ibt  titi.  of  •  A,  E».,  on  MH»«-tie  At-  ^^y  PJ}^  meridian,  fixed  upon  as  the  first 

nMCioos.'  meridian,  measured  ou  a  %tivd\\«s  ^astift 
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parallel  to  the   equalor,   and   passins;  gitude,  remains  the  same,  tlie  tanfenlt 
throufi^h  the  point  in  question,  which  of  the  ans:les  of  deviation  are  n*c]'prMaIly 
distance  might  be  termed  its  magnetic  proportional  to  the  cubes  of  the  dis- 
kmgiiyde,     Mr.  Barlow  assumes  as  his  tances.     Now  as  it  has  l)een  estab- 
first  meridian,  the  circle  which  passes  lished,  that  the  ma^^etic   force  varies 
from  the  pole  to  the  ma^ifnetic  east  and  inversely  as  the  square  of  the  distance, 
west  points  of  the  horizontal  plane  in-  it  will  follow,  that  the  square  of  the  tan- 
stead  of  the  vertical  meridional  plane.^>  ^ent  of  deviation  is  directly  as  the  cube 
We  cannot  help  thinking,  however,  that  of  the  force ;  or,  that  the  tangent  of  de- 
the  multiplication  of  these  planes  would'  viation  is   directly  proportional  to  the 
have  been  better  avoided,  oy  assuming  ^  power  of  the  force.    In  order  to  con- 
the  latter,  necessarily  referred  to  on  so  \ert  this  proix)rtionality  into  an  equa* 
many  occasions,  as  the  first  meridian.  tion,  it  is  necessary  to  introduce  a  certain 

(252.)  Having  settled  these  definitions,  constant  co-efficient  for  the  number  ex- 
the  law  of  action  deducible  from  the  ex-  pressing  the  distance.    This  co-efErienf, 
perimental  investigation  of  Mr.  Barlow,  when  the  distance  is  estimated  in  inchn, 
may  be   very  simply  expressed.     The  Mr.  Barlow  finds  to  be  .00080382.    If 
amount  of  the  angular  deviation  of  a  this  l)e  called  A,  and  the  distance  de- 
compass  needle,  the  motion  of  which  is  noted  by  d,  the  formula,  com|vrising  ail 
limited  to  a  horizontal  plane,  from  the  the  variable  quantities  in  one  equation, 
true  magnetic  meridian,  at  any  point  on  becomes, 
the  surface  of  the  sphere,  is  such,  that  ^  sin.  2  x  cos.  / 
the  tangent  of  the  angle  of  deviation  is  Ad^ 
directly  proportional  to  the  rectangle  of                   _. 

the  sine  and  cosine  of  the  latitude  of  that      ,  ^^SS.)  The  mfluence  of  the  mass,  and 

point  multiplied  into  the  cosine  of  its  ^^^  ^^  **»«  surface  with  relation  to  the 

longitude.  As  it  is  extremely  convenient  ™*?'»  ^f  the  iron  sphere  m  modifying  iti 

to  express  propositions  of  this  kind  in  !«i*ion.  were  next  made  the  subject*  of 

the  concise  and  i)erspicuous  language  of  investigation.    Having  at  first  employed 

algebra,  we  shall  present  the  above  pro-  ^^"^  ^»^'s,  weighing,  respectively,  «88 

position  in  that  form ;  denoting  the  anjrle  ?"^,  *28  pounds,  the  results  appeared  lo 

of  deviation  by  the  symbol  a  ;  the  Uti-  *^'"*  *"  ^^^  conclusion,  that  the  tangenti 

tude   by  x;   the   longitude   »)y  /.    The  of  thodeviHtionswereproiwrtionalto  the 

formula  will  then  be  as  follows,  cubes  of  the  diameter,  that  is.  directly 

tan.  A-^sin.  x  cos   x  sin.  /.  ^^'^  ^^^^  masses.     But  when  similar  ev 

But  since  the  ])roJuct  of  the  sine  and  l>*?riments  were  made  with  hollow  shelli. 

cosine  of  an  angle  is  equivalent  to  the  of  <hu  same  diameter  as  the  formerballs, 

sine  of  twice  that  angle,  the  formula  ^^*"-  l^^^r^ow  was  not  a  little  surprised  to 

admits  of  this  simplitication,  and  it  will  ^"^  ^*»^^  "O  difference  was  perceptible 

then  be,  between  the  results  of  these  and  of  the 

tan.  A  =  sin.  2 X  cos./.  former  trials.      Hence    he   concluded, 

(253.)  The  results  of  a  numerous  ^^^^  ^^*-'  POwer  of  attraction  was  inde- 
series  of  experiments  made  by  Mr.  Bar-  Pendent  of  the  mass,  and  resided  wholly 
low,  when  the  centre  of  the  compass  was  ^^  ^^®  surface  of  the  metal ;  and  all  sub- 
placed  in  every  variety  of  position,  with  s<^'4"ent  exjxjriments  confirmed  the  ic- 
respect  to  an  iron  ball,  approximated  so  curacy  of  this  conclusion.  The  in- 
closely  to  those  which  were  given  by  f*?>^»ce  lie  drew  was  expressed  in 
computation  from  the  a!)ove  formula,  ^*^*^  following  proposition,  namely,  thai 
that  no  doubt  can  remain  of  the  accu-  ^'^^  tangents  of  the  deviation  are  pro- 
racy  of  the  law  from  which  it  is  deduced,  portional  to  the  cul)es  of  the  diameteri, 
They  have  Iwen  furthir  verified  !)y  Mr.  "*"  ^o  the  square  root  of  the  cube  of  the 
Christie,  by  a  somewhat  different  method  s".«*fa^«s.  whatever  may  be  the  weight  or 
of  procedure,  of  which  he  has  given  an  thickness  of  the  sphere.  Subsequent 
account  in  the  Transactions  of  the  Cam-  experience,  however,  taught  him  that 
bridge  PhUosophical  Society*.  <*"^  l«w  is  subject  to  a  limitation  in  re- 

(254.)  The  next  object  of  inquiry  was  ^P*!^**  *o  the  thickness  of  the  metal  in 

the  law  of  attraction,  with   relation  to  >^'^^i^h  the  magnetic  power  resides;   for 

distance;  and  the  result  at  wliich  Mr.  'f  that  thickness,  !)e  less  than  the  thir 

Barlow    arrived   was,    that,   when    the  tictli  of  an  inch,  the  power  is  not  fullv 

position,  with  regard  to  latitude  and  Ion-  developed,  and  its  action  is  diminislK^l 

J _         This  conchision  has  l>een  s.iiw  v»ri- 

«  Vol.  i  ii.  147.  fied  by  Captain  Katur    who  fuunii,  on 


MAGNETISM.  65 

emp1oj[ing  three  cyHnden  of  iron,  the  iron,  as  to  act  upon  it  by  induction«  the 

one  being  solid,  and  the  other  two  hoi-  laws  above  determined  are  superseded 

low,  but  all  equal  in  siurface,  that  the  by  those  dependent  on  this  latter  cause, 

deviation  of  the  compass  needle,  occa-  and  are  therefore  no  longer  applicable, 

sioned  by  the  attraction  of  soft  iron,  In  all  the   experiments  made  l^  Mr. 

depends  on  the  extent  of  surface  of  the  Barlow,  care  was  taken  that  the  dis- 

iron,  and  is  wholly  independent  of  the  tances  should  be  such  as  to  be  entirely 

niass;    excepting  a  certain  thickness,  exempt  from  this  disturbing  cause, 

amounting  to  about  two-tenths  of  an  (258.)  Having  established  the  law  of 

inch,  which  is  requisite  for  the  full  de-  action  on  the  compass,  as  far  as  regards 

Telopment  of  its  attractive  enei^  *.    It  masses  of  iron  of  regular   geometric 

may  be  remarked,  by  the  way,  that  the  forms,  the  next  object  was  to  determine 

circumstance  of  the  effective  power  l)e-  whether  the  same  law  obtains    with 

ing  limited  to  the  surfaces  of  bodies,  or  masses  of  irregular  shapes.    This  would 

nearly  so,  is  another  striking  instance  evidently  not  be  the  case,  if  the  popular 

of  the  analogy  which  subsists  between  not  ion  were  true,  that  the  poles  or  a  piece 

the  magnetic  and  the  electric  agencies,  of  iron,  under  the  influence  of  terres- 

These  inductive  results  of  observation  trial  induction,  reside  exclusively  at  the 

are  all  in  strict  conformity  with  the  theo-  opposite  extremities  of  the  mass ;  where- 

retical  deductions  of  Poisson   already  as  if  the  entire  action  admits  of  being 

adverted  to,  (  163.  referred  to  one  common  centre  of  at- 

Introducing  into  the  general  for-  traction  *  in  the  same  manner  as  the  com- 
mula  this  new  variable  quantity,  bined  effect  of  the  gravitation  of  all  the 
namely,  the  diameter,  or  radius,  of  tne  particles  of  a  body  of  irregular  figure 
sphere  of  iron,  which  we  shall  express  may  be  considered  as  directed  on  a  sin- 
by  r:  itl>ecomes  gle  point,  known  by  the  name  of  the 
.  r*  sin.  2  x  cos.  /.  eenixe  of  gravity,  it  is  reasonable  to 
~~          A  d^  expect  that  the  same  laws  are  common 

(256.)  These  rules  and  formula  are  to  both.    Experiments  tried,  with  this 

capable  of  being  applied  in    another  view,    upon    a   twenty-four   pounder, 

manner ;  for,  instead  of  conceiving  the  showed  the   existence  of   a   plane  of 

imaginary  sphere  to  surround  the  iron  neutrality  in  the  most  irregularly- shaped 

ball,  we  may  imagine  a  similar  sphere  masses  of  iron,  and  completely  esta- 

concentric  with  the  point  of  suspension  Wished  the  identity  of  the  operation  of 

of  the  needle ;  and  it  will  then  be  obvious  the  attractive  and  repulsive  forces  in  all 

that  the  centre  of  the  ball  will  have  the  cases,  whether  the  iron  was  presented 

same  relative  position  in  the  latter  sphere,  in  isolated  masses,  or  dispersed  in  every 

as  the  pivot  of  the  compass  has  with  re-  variety  of  situation  throughout  the  ship, 

specttothe  former;  so  that  the  refer-  (259.)  The  actual  amount  of  deviation 

encc  may  be  made  indifferently  to  either:  produced  in  the  ship's  compass  by  its 

and  when  the  mass  of  iron  is  irregular,  local  attraction,  will,  of  course,  be  dif- 

which  is  the  more  usual  case,  it  will  be  ferent  in  different  vessels.     With  an 

more  convenient  to  refer  the  common  easterly  or  westerly  course,  it  has  been 

centre  of  attraction  of  the  iron  to  an  observed  in  these  latitudes  to  vary  from 

imaginary   sphere   circumscribing    the  five  to  twelve  or  fourteen  degrees :  it  is 

compass.  of  greater  amount  as  the  ship  is  in 

(257.)  It  must  be  observed,  however,  higher  latitudes ;  and  diminishes,  with- 

that  in  every  instrument  a  limit  exists  out  however  vanishing,  at  the  equator ; 

within  which  the  above  law  ceases  to  and  again  increases  as  we  approach  the 

obtain.    This  Umit  arises  from  the  influ-  south  pole.    Mr.  Barlow,  in  a  paper 

ence  which  the  inductive  power  of  the  lately  published  in  the  •  Philosophical 

needle  may  exert  upon  the  iron  pre-  Transactions*,*    gives    the    following 

sented  to  it ;  for  we  have  already  seen  table  of  the  deviation  observed  in  dif- 

that  the  consequence  of  this  induction  ferent  ships,  on  the  l)est  authorities, 

is  attraction  of  the  adjacent  pole  of  the  from   which    a  general  idea  may   be 

magnet,  whicliever  pole  that  may  hap-  formed  of  the  extent  of  error  that  may 
pen  to  be.  Hence  it  follows  that  when  thus  arise,  and  also  of  its  average 
the  compass  is  brought  so  near  to  the    amount 


■^    •• 
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taup.  commM^.        pi».     A^ZlU    being  about  eighty  mileg.  if  tl 

CiHivAy  .  .  Ciipt.  Basil  Hall  PortoBMmth  4°  3i'    traction  of  the  vessel  had  bee 

I^rea  .   .   •  CupL  Owen  .  .     Mortlilfwt      «      7       that  nf  fhp  f;Mniii»Pftt0r   sTip  v 
Barracoota     Capt.  Cutfield  .  Do.  14    30       ^'**'  "J  X       wOUCeStCr,  SnC  \ 

Heeia  .  .  .  Capt.  Sir  K.  Parrj    Do.        7  s7     passed  five  miles  nearer  to 
YuTf  .  .  .  CapL  Hopaer  •  •      Do.        6  M     than  had  been   calculated 

Airentare  .   CapL  King  .7  .  PWinoath     7    48       «rrO'  ^"1*6  sufficient  tO  aCCOl 
GlunemUr  .   Capt  Stnart    .  .  Channel  .    9    80      fatal  catastrophe. 

giving  a  mean  of  8^  44'  at  the  east  and        (261.)  It  is  obvious  that, 
west  points  in  these  latitudes.  cargo  of  the  ship  consists  chic 

(260.)  The  last  of  these  ships,  the  the  error  in  the  reckoning  ni 
Gloucester,  viras  reported  as  being  '  in-  more  considerable  than  what 
variably  drawn,  in  consequence  of  this  now  stated.  The  most  fal 
deviation,  to  the  southward  of  her  in-  quences  might  arise  in  a  few 
tended  place,  notwithstanding  the  great-  vessel  in  the  Channel,  undei 
est  care  being  taken  in  steering  her.'  cumstances,  in  a  dark  and 
Had  it  not  been  ascertained,  by  taking  night,  having  for  its  only  gui 
an  observation,  that  this  error  was  al-  pass,  subject  to  an  error  of  fo 
together  the  etfect  of  local  attraction,  it    grees  in  opposite  directions  s 

would  probably  have  been  ascribed  to  west,  the  very  courses  on  \ 

the  influence  of  an  unknown  current,  would  be  endeavouring  to  stc 

The  real   deviation,  estimated  in  dis-  many  of  the  mysterious   wi 

tance,  would  occasion  the  vessel,  after  have  taken  place  in  the  Chan 

running  ten  miles,  to  be  more  than  a  not  be  traced  to  this  cause ! 

mile  and  a  half  to  the  southward  of  her  of  the  Thames  Indiaman  is  gi 

reckoning ;  and  so  on  in  proportion  as  example  by  Mr.  Barlow  *.  T 

the  distance  increased.     An  error  of  besides  the  usual  appointment 

this  magnitude,  occurring  in  a  narrow  &c.,  had  a  car^o  of  more  ' 

channel    and  in  a  dark  night,  were  it  hundred  tons  of  uon  and  steel, 

unknown  or  disregarded,  might  lead  to  fiuence  of  such  an  enormous 

the  most  disastrous  consequences.  The  mass  would  alone  be  quite  su 

wreck  of    his  Majesty's    ship  Thetis,  explain  the  otherwise  unaccou 

wliich  lately  happened  on  the  coast  of  cumstance,  that  after  leuvina; 

Brazil,  has  been   ascribed,  with  some  head  in  sight  at  six  o'clock  in 

probability,  to  a  mistake  of  this  kind,  ing,  the  ship  was   wrecked 

The  following  is  the  account  given  of  same  spot  between  one  and  X\ 

this  accident    in  the  •  United  Service  in  the  morning,  without  the  le 

Journal : ' — *  The  Thetis  sailed  from  Rio  hension  of  being  near  the  shoi 
Janeiro  on  the  4th  of  December,  with  a        (262.)   The  practical  appl 

million  of  dollars  on    board,    besides  the  principles  above  establisl 

other  treasure,  and  every  prospect  of  a  correction  of  the  actual  dcv 

fine  passage,  stretching  away  to  the  the  compass  in  a  ship,  beir 

south-east    The  next  day,   the  wind  have  seen,   of  such  preat  io 

coming  rather  favourable,  they  tacked,  in   navigation,    Mr.  Barlow 

thinking  themselves  clear  of  land ;  and  mind  to  the  discovery  of  a  n 

so  confident  were  they,  that  the  topmast  effecting  so  desirable  an  obj 

studding-sails  were  ordered  to  be  set,  first  idea  was,  that  since  the 

the  ship  running  at  the  rate  of  nine  knots;  other  iron  of  a  vessel  must 

and  the  first  intimation  they  had  of  being  exactly  the  same  deviation  of  I 

near  land,  was  the  jib-boom  striking  as  a  smaller  mass  of  iron  ph 

against  a  high  per^xindicular  cliff,  when  similar  situation,  but  as  much 

the  bowsprit  broke  short  off,  the  shock  its  mass  is  smaller,  it  might  l> 

sending  all  three  masts  over  the  side ;  to  place  such  a  body  of  iron  : 

thus  in  a  moment  bringing  utter  de-  compass,    as    would    exactly 

struct  ion  on  this  fine  vessel  and  her  balance  the  action  of  the  guns 

valuable  cargo.*    Mr.  Barlow  shows,  in  ward,  and  consequently  leave 

the  paper  aliove  referred  to,  that  the  as  tree  to  move,  as  if  no  su 

deviation  of  the  compass,  arising  from  existed :  but  he  soon   found 

the  attraction  of  the  vessel,  was  exactly  this  purpose,  the  position  of  the 

of  the  kind  that  was  likely  to  occasion  sating  ball  of  iron  would  req 

this  great  mistake  in  the  snip's  reckon- 

inii: ;  for  the  distance  run  by  the  Thetis  •  Eswy  o&  Magnetic  Atuutiou, 
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ihiiled  for  every  different  position  of  pli^te,  without  addins  to  its  weight.    It 

he  ship,  which  would,  of  course,  be  woiUd  appear  also  that  the  compound 

mpracticable.     He  therefore  had  re-  plate  is  more  powerful  when  the  two,  of 

:ourse  to  the  following  expedient,  which  which  it  is  formed,  are  thus  separated 

\'«s  found  to  answer  ])erfectlY  under  all  from  each  other  *.    The  proper  position 

tircumstances  of  situation.    Since  it  is  of  the  plate,  with  re«ird  to  the  compass, 

kossible  to  place  a  ball  of  iron  in  the  must  be  ascertained  by  trials  on  shore ; 

ame  line  of  direction,  with  regard  to  the  comparing  its  effects,  in  different  rda- 

lompass,  as  that  in  which  the  coin-  tive  situations,  with  the  observed  devia- 

tineu  action  of  the  iron  of  the  ship  is  tion  of  the  compass  on  board  the  ship, 

xerted,  and  to  bring  it  to  the  exact  dis-  (264.)  Although  the  method  proi)08ed 

ance  at  which  its  action  shaU  be  e^ual  by  Mr.   Barlow  be  exceedingly  inge- 

o  that  of  the  ship*s  iron,  it  is  obvious  nious,  and  wiU,  no  doubt,  to  a  certain 

hat  a  ball  so  placed  will,  instead  of  de-  extent,    prove    highly  useful,   several 

troyin^  the  deviation  of  the  compass,  causes  exist  in   practice  which  must 

louble  its  amount ;  and  that  this  wiU  interfere  with  the  regularity  of  its  ope- 

le  the  case  under  all  circumstances,  ration.     Changes  of  temperature  will 

md  in  every  part  of  the  world.  Instead,  probably  affect  the  compass-needle,  the 

herefore,  of  nxins:  the  ball,  let  its  pro-  compensating    plates,    and  the   lar^e 

ler  place  be  first  determined,  and  the  nail  masses  of  iron  contained  in  the  ship,  in 

tseif  laid  aside ;  then,  at  any  time  when  very  different  degrees;  and  many  of 

t  is  desirable  to  ascertain  what  effect  the  latter  bodies  will  be  more  or  less 

s  due  to  the  magnetic  attraction  of  the  susceptible  of  acouiring  permanent  n>a^ 

hip,  let  it  be  applied  in  the  situation  so  netism  in  the  dinerent  circumstances  m 

let er mined,  and  observe  how  many  de-  which  they  are  placed.    In  the  course 

:rees  it  draws  the  needle  of  the  compass  of  a  long  voyage,  extending  to  vexy  dif- 

rom  the  direction  it    had  previously  ferent  latitudes,  these  causes  are  liable 

o  the  application  of  the  ball.    This  will  to  considerable  variation,  and  must  in- 

)c  the  amount  of  the  actual  deviation  troduce  a  degree  of  uncertaintv  in  the 

iroduced  by  the  iron  of  the  ship  ;  and  amount  of  the  changes  inducea.    Still, 

he  correction  in  the  course  of  the  vessel  however,  the  method  of  Mr.  Barlow 

day  be  applied  accordingly.     Strictly  wUl  furnish  a  most  valuable  approxi- 

peaking,  it  is  not  the  angle  of  deviation  oiation  to  the  correct  determination  of 

thich  is  doubled  by  the  action  of  the  thie  influence  which  the  ship  exerts  on 

lall,  but  the  tangent  of  that  angle ;  but  the  needle  of  the  compass.   Certain  it  is 

s,  in  small  angles,  the  tangents  are  that  the  proper  estimate  of  the  disturb- 

ery  nearly  in  the  ratio  of  their  arcs,  ing  force  arising  from  this  cause  has,  of 

tiey  may  in  most  cases  be  taken,  with-  late  years,  acquired  increased  import- 

ut  sensible  error,  as  the  same.  ance  from  the  very  large  proportion  of 

(263.)  As  the  effect  to  be  obtained  iron  now  employed  in  the  construction 

epcnds  on  the  surface,  and  not  on  the  of  ships  of  war,  and  of  the  machinery 

sass  of  the  iron  which  acts,  Mr.  Bar-  for  their  guidance.  Independentlvof  the 

>w  has  found  it  more  ^edient  to  em-  guns,  shot,  and  iron  water-tanks,   the 

loy  plates  of  iron,  instead  of  balls.  The  knees    of  the  ship,  the  capstans,  and 

)rm  he  recommends  is  a  double  plate,  cables  are  now  made  of  iron,  so  that  the 

omposed  of  two  thin  plates  of  iron,  whole  forms  a  very  large  and  powerful 

crewed  together  in  such    a    manner  magnetic  mass, 

s   to   combine  any  strong    irregular  (265.)  In  all  situations,   but  more 

ower  of  one  plate,  with  a  correspond-  ^specially  in  high  magnetic  latitudes, 

ng  weak  part  of  another;    by  which  experience  has  wown  tne  advantage  of 

aeans  a  more  uniform  action  is  ob-  adopting  an  expediejiit  originally  sug- 

ained.    These  plates  are  of  a  circidar  gested  by  Captain  Flinders :  namely, 

orm,  twelve  or  thirteen  inches  in  diame-  the  selection  of  some  particular  spot  m 

er,  with  a  hole  in  their  centre,  through  ^j^e  ship  as  the  permanent  position  of  a 

vhich  is  passed  a  brass  socket,  with  an  standard  compass,  in  which  it  should 

ixterior  screw;  a  brass  nut,  about  an  be invariaUy  placed  for  use,  whether  in 

nch  and  a  half  in  diameter,  screws  on  observing  azimuths,  or  bearings  of  land, 

he  exterior  of  each  end  of  the  socket,  or  in  directing  the  ship*s  course :   so 

hereby  pressing  the  plates  together ;  that  if,  on  any  particular  occasion,  it 

vith  an  interposed  thin  circular  piece    _ _ 

)f  board,  which  is  intended  to  increase  #  Btfiow**  £*m7  oa  Hhb^^^  k\x.T%R!Cv^v  ^Sa- 

a  some  deioree  the  thidmew  of  the  •oadtditvon  ,^iw. 
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should  be  necessary  to  use  a  compass  cumstances  of  the  case,  for  u 

in  any  other  part  of  the  ship,  a  refer-  stances  they  were  retarded, 

ence  sliould  be  made  to  the  standard  of  gests  that  great  care  ought  to 

comparison,  and  the  difference,  if  any,  to  keep  the  chronometers  on 

in  its  pointing  noted  and  allowed  for ;  any  ship  out  of  the  immedial 

a  certain   degree  of  uniformity  being  of  any  considerable  mass  or 

found  to  obtain  in  the  effects  of  the  iron.    They  ought  not,  for  ir 

local  attraction  on  a  compass  thus  con-  be  kept  in  the  cabins  of  the 

^ncd  to  one  spot,  enabling  a  navigator  officers,  which  are  on  the  si 

to  form  a  sufficiently  comet  judgment  vessel;  as  probably  a  strong 

of  the  different  amounts  of  variation  to  or  even  a  gun,  will  be  found 

be  allowed  with  it  on  each  change  in  the  inconsiderable  distance  from 

direction  of  the  ship's  head*.  where  the  watch  is  deposited. 
(266.)  Not  only  are  the  compasses  on        Mr.  Barlow  proposes  to  i 

ship-board  disturbed  by  ^e  ma^etic  error  by  a  method  similar  to  1 

attraction  excited  by  the  iron  existing  in  he  employs  for  the  correct! 

the  vessel ;  the  chronometers  sdso  are  compass,  namely,  by  previoi 

affected  by  Uie  same  influence.    The  tainuig  what  the  effect  of  the 

sudden  alteration  in  the  rates  of  chro-  is  upon  the  rate  of  the  chi 

nometers  at   sea  had  been  frequently  This  may  be  done  by  means 

noticed  by  intelligent  seamen,  but  had  or  pedestal,  on  the  top  of  i 

been  generally  ascribed  to  the  motion  convenient  receptacle  for  th 

of  the  vessels.  The  true  cause  was  first  meter,  and  in  the  side  of  whi< 

pointed  out  by  Mr.  Greorse  Fisher,  who  pin  is  fixed,  to  carry  the  con 

accompanied  Captun  Buchan  in  his  double  iron  plate,  employed 

voyage  to  the  Arc^c  Regions,  in  the  sent  the  action  of  the  ship  s  i 

vear  1818,  and  who  gave  an  account  of  compass.    Then,  having'ascei 

his  observations  on  this  subject  to  the  rate  of  the  chronometer  in 

Royal  Society  t.    He  found  that  the  manner,  let-  the  rate  be  ag 

chronometers  on  board  the  Dorothea  while  it  is  placed  on  the  pede 

and  Trent  had  a  different  rate  of  going  plate  should  generally  be  k 

from  what  they    had  on  shore,  even  distance  of  about  a  foot  fror 

when  these  vessels  had  been  frozen  in,  tical  line,  through  the  centre  ( 

and  therefore  when  their  motion  could  and  its  centre  should  be  abou 

not  have  contributed  to  that  variation,  depth  below  the  plane  of  it; 

It  appeared  that  this  effect  could  be  The  rate  thus  obtained  will 

attributed  only  to  the  magnetic  action  close  approximation  to  the  s 

exerted  by  the  iron  in  the  ships  upon  the  of  the    instrument,  providec 

inner  rim  of  the  balance  of  the  chro-  taken  to  keep  it   out  of  the 

nometers,  which  is  made  of  steel.    A  action  of  any  partial  mass  of 

similar  influence  was  perceptible    on  to  place  it  in  the  same  direc 

placing  magnets  in  the  neighbourhood  respect  to  the   ship's  head 

of  the  chronometers.    This  conclusion  with  respect  to  the  iron  plat 

was  confirmed  by  the  experiments  made  rate  was  determined  *. 
for  this  purpose  by  Mr.  Barlow,  who  «  o   r»/.  j.    .*   •       l  ^ 

ascertained  that  masses  of  iron,  devoid  V  3.  Of  the  Azimuth  Con 

of  all  perdianent  magnetism,  occasioned        (2G7.)  The  purposes  to  ^ 

an  alteration  in  the  rates  of  chronome-  azimuth  compass  is  applied 

ters,  placed  in    different  positions  in  general   principles  of  its  coi 

their  vicinity.    The  alterations  varied  have  already  been  stated  in  § 

according  to  the  positions  of  each  chro-  for  the  sake  of  those  who  an 

nometer  with  relation  to  the  magnetic  of  making  practical  use  of  it, 

equator  of  the  masses  of  iron  to  whose  necessary  to  enter  into  a  fullei 
influence  it  was  subjected,  and  was  al-        The  ordinary  azimuth    c< 

ways  uniform  in  the  same  position.     In  represented  in /yg-.  63.    The 

the  case  of  the  chronometers  on  board  AB  is  fixed  by  a  screw  at  its 

the  Dorothea  and  Trent,  their  rate  was  lowest  point,  to  a  stand  at  t 

always  accelerated.   Mr.  Barlow  found,  of  the  outer  box,  containing 

however,  that  this  depends  on  the  cir-  apparatus,  in  such  a  manne 


•  Parry's  Joamiil  of  a  Voyage  ?ot  \.\i%  \)\%coveTy 
of  »  North- West  PauaRe,  &Cm  A\koeuA\x»  ^.  tx^vu,        *  ^at\aV\  Yakvj  <iTi  Mapietic  Jl 
f  Philosophical  Traftsactba*  fot  »^,  ^ A%.  ^3S». 
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nit  of  its  being  turned  round  horiion-  pivots  GG.  constitntiiig    a   horitontkl 

t  Ally,  and  placed  in  all  aiimuthi.    To  axis  of  motion;  while  the  inner  cylln- 

tlit;  upper  extremities  of  this  semicircle,  drical  brass  box.  PQ,  containing  tho 

a  brass  circle,  CD,  ia  fixed    by  lifo  compass  itseifi  is  attached  to  the  Diu* 


circle,  CD,  by  sttn'ilar  pifols.  of  nhich 
one  is  seen  at  g,  forming  a  hariiontal 
axis  at  rieht  angles  to  the  former,  and 
both  together  acting  as  gimbals.  The 
compass,  with  its  card,  is  balanced  in 
the  usual  manner  on  a  pointed  pivot 
rising  from  the  centre  of  the  bottom  of 
the  inner  lx)x.  the  upper  side  of  which 
is  covered  with  a  circular  piece  of  glass. 
The  two  lights,  E  and  O,  are  fixed  ver- 
tically on  the  upper  side  of  the  cylinder 
of  this  box,  diametrically  oppoaile  to 
each  other ;  the  one,  E,  to  which  the  eye 
is  intended  to  be  applied,  consists  of  a 
brass  slip,  having  a  narrow  vertical 
slit ;  the  other,  O,  which  is  tamed  to 
the  object,  is  a  similar  slip,  having  an 
oblong  anerture  containing  a  fine 
thready  or  none  hair,  passing  alon;;  the 
Diddle  of  the  open  space  in  a  vertical 
direction.  Two  vertical  lines  are  also 
marked  on  the  inside  of  the  box,  which 
are  prolongations  of  the  slit  in  the  sight 
for  uie  eve,  and  of  the  thread  in  that 
for  the  otject.  These  Imes  are  intended 


as  indexes  for  the  measurement  of  the 
angiilftr  distance  in  aximuth  of  an  ob> 
ject  viewed  through  the  two  sights, 
from  the  place  of  the  malefic  meri- 
dian, as  shown  br  that  portion  of  the 
graduated  edge  of  the  cara,  which  coin- 
cidea  with  the  line  with  which  il  is  com- 
pared. The  degrees  are  reckoned  from 
the  north  point  of  the  eompasi,  which 
is  marked  zero,  all  round  the  circle,  in 
the  direction  from  left  to  right,  that  is 
from  north  to  east,  and  thence  to  south 
and  west, 

(268.)  Sometimes  a  wire  is  placed  be* 
tween  the  two  sights,  stretching  hori- 
zontally from  the  foot  of  the  one  to  that 
of  the  other.    This  is  intended  as  an 
idex  to  ascertain  comcidencei  with  the 


a  mode  of  u«ing  the  instrument  that  ia 
seldom  practised,  this  wire  is  usually . 
omitted,  and  observations  made  vis&^ 
by  means  of  the  xei^acs^^MS. 
(389.)  On  cRw  ^&it(AVc«\Kn-  ^noi- 


HAsNimnt. 


a  ittVtit  and  it  tttdntaly  itftdniM 

„  „_j,.  ,  _.itoMr<Uknu-   ThB  brtrflh  of  ttw 

tMucd,  bean,  ta  mean*  of  tt  lerer   evliildriral  Got  i*  tnetly  (MB  bKh,  ud 
«ttbin  the  box,  aitaiiut  ths  cud,  and   »  'a  ttOntVk  m  aMal  ij  ■  pen  of 


ttiiittg  the  dOmptn  tbert  ii  fteqnently   ■, 
InwrtM  K  nut  or  ttop,  Trbich,  when 


jn( 


irttbin  the  box,  agaiiut  ths  cud,  and 
arresti  iti  movement :  thus  giving  the 
opportunity  of  reading  off  the  number 
of  defcreet  iDore  at  leisure,  and  there- 
fore more  correotly,  than  conld  be  done 
at  the  moment  of  observation. 

(370.)  SofQetimes  (be  ughts  are,  fbr 
fiw  convenience  of  carriage,  iMda,  br 
meana  of  joints  at  tbeir  kA,  to  fidd 
down  over  the  gjais  mbkb  Wnti  tlH 
box,  when  tb«  conquM  li  Mt  U  OM. 
In  other  eaiei,  th^  a»  triUM  hf  ft 
transverfe  bar,  and  made  M  U  to  ba 
capable  of  beii^  removed  ftom  ui  boK 
when  the  instrument  ii  act  asiMb 

(27I.)The  iiiitniilailt,  fai  tti  Mttmi 
fonn.  a*  abort  dewribadt  il  ItiB  Mi> 
ceedingl;  detetin,  and  iBeapaUfe  of  it 
fbrdins  any  vnj  aoenrati  abattflttotlt. 
SufficKnl  evidenoi  ot  ib  iapttfeaUona 
may  be  ooUeeted  tkom  tfai  AaiMttn  rif  ^.^^  ^ 

Captain  Phipps'a  VDwet  **»  *U<m     ,        .     ■~ — j^iiu— ---' 

it  appears  thtt,  ■Itbuqpi  tin  dbkem-  pu**  A  daHttilg  pien  oittay 
tioos  were  made  with  ul  Mislbto  MM,  n>  fbi  imw  aide  01  the  bokt  so 
mtdififamceainltienfitfkHiwtnlk»  noubaovcrtlwotdwadnor  tbena- 
quenUy  ODOunlng,  ta  the  HMepIlM  atHtid«inleorfltteud:B]iH,atMi 
and  at  the  nam  timb  wnounliBg  to  iH^  to  tlw  flfrodnfttne*  of  nii 
two,  three,  and  Tour  deg:ttei.  In  one  cit^e,  is  marfeed  npoD  the  IvmJ,  to 
instance,  the  error  was  even  five  de-  urve  u  an  index  for  reading  off  the 
grees  ten  miniiten.  degrees  in  the  manner  to  be  pttaentljr 

(273.)  The  azimuth  compass  contTived  mentioned, 
by  IJaplnin  Knter  is  a  much  more  per-  To  the  opposite  side  of  the  box,  at  0, 
fn:l  instrument,  combining  all  the  ad-  a  sight  ji  affixed,  consisting  of  a  brasi 
vRntHges  of  ttie  ordinary  construction,  frame,  in  the  form  of  a  pUaUelqpVIi, 
tof^elliL'r  with  those  of  bein^  extremety  nve  inches  )ong.  To  this  frame  ii 
porlahle,  and  of  being  adnpted  to  evety  adaptedashorierlVame.P/,  two  inches 
purpose  nf  observfition,  whether  at  sea  inlength,tthichtlidfe«uponit.aildeaities 
or  on  land.  A  short  description  of  this  the  segment  of  a  glass  cylinder,  gnand 
cump&n,  but  without  any  figure,  is  given  fo  a  radius  of  fiveincbet.  B^  meeBt 
in  the  Instructions  for  the  Adjustment  of  thii  piece  of  glass,  when  preaeBteJ  te 
and  Use  of  Ihc  Instruments  intended  for  ftie  Itin,  the  tuys  are  detected  into  i 
the  late  Northern  Extjeditions,  which  i'lear  focus ;  tin  line  of  t^ht  b(W 
were  printed  by  order  of  the  Itoyal  So-  thrown  on  the  index  Dri  the  tiiecs  of 
cietyinisia.  We  have  been  enabled  ivory,  may  be  lUa  at  the  Male  tiiUai 
to  illiiitrate  the  following  account  of  the  degteM  oH  the  dud. 
this  instrument  by  the  annexed  figurei,  This  sight  has  khttigewbtteitliaso- 
exliibiting  iu  construction ;  for  the  op-  netited  ttith  the  box,  1^  ilieuu  HF  »M^ 
portunity  of  drawing  wluch  we  are  it  can  he  ft>1deddt)wn  ahbtt  (Mrfkfl 
mdebled  to  the  kindness  of  Captain  cover  of  the  box,  as  Meti  Infa-.tt: 
Kater.  hnd  WhM  thus  IbUW,    it   trnffi  tfe 

AB,  /Ig.  G4,  is  a  brass  cylindrical  jlKedte  of  the  cotnpatf  1:^  nttUl  ol  ■ 
box,  containinf^  the  compass,  of  which  uver  Under  its  ceHtre,  iMi  U  L^  td  M 
the  cvd,  Ct),  IS  tJve  inches  in  dinmeler.  fo  ptess  It  against  the  glali  corflt;  aid 
The  needle,  which  is  perforated  in  if.i  prevent  Its  moflttit. 
centre  to  admit  ofanagate  cap,  set  in  llie  sifrht,  to  Which  tb««*eiikMOii 
brais,  for  the  purpose  of  suspeniion,  is  Uid  which  is  shtJWS  ilipuidelr  m  M 
fixed  to  a  circular  piece  of  talc,  over  the  6S,  is  an  inch  in  hdftht  fhtttt  fts  hiiV 
circumference  of  wbieh  a  nanow  eVrou-  to  its  upper  Wiitt  ■  Wtt  it  Mutjr  be  tMUd 
JarrtngofcardisLud-,  t\ie  QuV«mu-   kiwkW  ^a:^  V^  ttietta  uf  tt  #>  i 
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right  piece,  which  slMet  between  two    then  to  be  adiurted,  by  nuMtiff  it'fiom 
pomea  m  the  side  of  the  box  i  It  con-    the  po*ition  in  which  it  lie*  when  flnt  in 
■lata  of  an  upnght  plane,  P,  having  a    the  caie,  (ill  its  horiiontal  leni  is  over 
fig.  6i.  the  edge  of  the  card ;   and  the  pro- 

per fcfcal  diitnnce  obtained  by  xUiling 
it  in  the  dove-tailed  Rirwve  till  the  in- 
dex line  is  seen  distinctly.  Next  ob- 
serve whether  the  line  of  light  from 
the  sun  seen  on  the  piece  of  ivory 
throiuh  the  lens  appears  narrow  and 
well-deSned ;  and  if  it  does  not,  incline 
the  sight  furthest  fh>in  the  tye  towards 
the  compBJi,  till  the  requisite  dintincl- 
ness  is  attained.  Be  careful  Ih^it  the 
sight  leans  neither  to  the  right  nor  left, 
but  is  held  perpendicular  to  Ihe  horiion. 
narrow  vertical  slit,  S,  in  its  upper  'i  the  direction  between  the  sun  and 
part ;  below  this  is  a  circular  aperture,  the  obaerrer;  for  the  neglect  of  this 
in  which  a  convex  lens  is  placed :  a  ho-  precaution  is  the  principal  source  of 
riiontal  plane,  H.proceedinET  from  Ihe  error  to  be  apprehended.  Letlhecoin- 
lower  edge  o(  the  former,  and  also  fur-  pass  be  now  Inclined  towards  the  «b- 
niihed  wiih  a  convex  lens,  and  a  mir-  server,  so  as  to  chfck  the  oscilUtions  of 
ror.M,  is  placed  behind  P,  and  inclined  the  card,  by  bringing  it  in  contact  with 
at  an  angle  of  forty-five  degrees.  By  'be  index  and  two  pin*  flxeil  near  it  for 
means  of  this  combination  of  lenses  the  purpose.  Do  this  repeatedly,  till 
with  the  mirror,  the  degrees  on  the  card  'be  card  is  sleady,  the  compa*;s  being 
are  seen  by  reflexion,  considerably  sufficiently  inclined  from  the  observer 
magnified,  and  in  a  reversed  poiition,  just  to  free  the  card  from  the  index, 
together  with  Ihe  index  on  the  ivory,  ^1>V  line  of  light  being  Ihen  accurately 
which  ii  contiguous  lo  the  part  viewed,  bisected  by  the  index  line,  the  degree 
The  image  of  the  card,  being  produced  and  fractional  parts  also  indicaled  by 
by  one  reflexion,  is  reversed ;  on  (his  this  line  may  be  read  off  at  the  mo- 
account  it  is  requisite  that  (he  figures  ment  that  an  assistant  takes  Iheallitiide 
expressingthenumtMrordegreeashould  oflbesun.  If  the  card  should  happen 
tliemxelves  be  reversed,  so  thai  (hey  not  to  be  perfectly  steady,  Ihe  mean  <if 
may  read  correctly  when  viewed  through  i's  vilmitions  may  be  readUy  estimated, 
the  lenses.  This  sight  may  be  raised  The  degrees  on  tne  card  are  read  from 
or  lowered  as  much  as  is  necessary  tn  the  north  towards  ihe  east,  and  are  car- 
utjust  ill  focus ;  and  the  whole  is  made  ried  round  to  361°  in  onler  to  obviate 
to  turn  back,  by  means  of  a  hinge,  so  Ihepossibility  oferrorinthisrespect.  To 
as  to  he  in  the  same  plane  with  Ihe  box  the  degrees  and  minutes  thus  obtained, 
when  the  inslrument  is  placed  in  its  must  be  applied  the  correction  wtilten 
case,  as  represented  in  fig.  66,  which  oa  Ihe  card,  and  Ihe  result  wilt  be  the 
admits  of  its  being  carried  in  (he  pocket,  true  magnetic  position  of  the  sun,  from 
p-     -.  whichj  and  (he   observed  altitude,  (he 

I  I'l  „  '—  variation  of  the  needle  may  be  ebtaineil 

""  ~~~^  in  the  usual  manner.    When  the  varia- 

tion is  (o  be  determined  for  (he  purpose 
of  correcting  the  ship's  course,  it  a 
sufficient,  and  indeed  necessai]',  that 
the  magnetic  azimuths  should  be  lahen 
wi(hou(  any  reference  to  the  local-  at- 
tractions which  may  afTect  the  needle; 
but  for  scientific  deductions,  after  ft  cer- 
tain nupber  ol  observations  have  been 
(373.)  The  following  is  the  method  obtuned  with  the  ship's  head  in  one  di- 
of  using  this  instrument,  when  the  axi-  rection,  she  should  be  put  on  an  oppo- 
mulh  of  the  sun  is  to  be  taken.  Ele  site  course,  and  another  set  of  observe 
vate  the  object-sight,  and  turning  it  to-  lions  tsJten  from  Ihe  same  spot:  tbib 
waida  the  sun,  slide  the  glass  ■  oilg  it  mean  of  the  Iwo  re«uU»  ■n'&\k  <i!a&\x>s& 
till  the  line  oflight  U  thrown  on  the  TUtWm  utUWnmVlc. 
ivory  iodex.    Tbe  ffjrbt  next  tba  eye  U        <274.>C«vUlA%;,^Ue^i  «xdt)»9&v'<»!(^ 
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pass  is  also  well  adapted  for  surveying,  yided  for  making  observations  on  the 

for  which  object,  inaeed,  it  was  origi-  sun  ;  they  are  placed  so  as  to  be  readily 

nally  invented.    To  apply  it  to  this  pur-  interposed   between  the    eye    and  the 

pose,  nothing  more  is  necessary  than  to  nearest   sight  when   wanted,  and   are 

slide  the  frame  containing  the  segment  removeable  at  pleasure  when  not  re- 

of  the  glass  cylinder  to  the  top  of  the  quired. 

sight,  when  the  hair  will  be  seen,  which  x  a    nf  ih^  Vn^nUr^  r^..^*. 

must  be  made  to  bisect  the  object  viewed  i  ^'  Qfihe  Vanatton  Compats. 

by  direct  vision  at  the  moment  that  its  (279.)  A  magnetic  needle  intended 

bearim;  is  also  read  off  by  reflexion.  to  indicate  the    minute   changes  that 

(275.)  There  is  also  another  mode  of    take  place  in  the  direction  of  terrestrial 

using  this  compass,  which  may,  per-  magnetism',  should,  as  already  noticed 

haps,  be  found  more  convenient  and  ao-  ($  242),  be  of  somewhat  greater  lenjdh 

curate  than  that  already  described.    It  than  an  ordinary  compass,  in  order  that 

is  simply  to  turn  back  the  reflecting  the  extent  of  the  variations  of  angular 

sight,  and  to  view  the  line  of  light,  and  position  may  be  more  conspicuous, 

read  off  the  degrees  by  direct  vision;  (280.)  For  the  same  puxpose,th^  fol- 

and  it  has  this  decided  advantage,  that  lowing  method  was  practised  by  Du 

if  the  compass  should  not  be  in  a  hori-  Hamel: — At  each  extremity  of  a  long 

lontal  position,  the  observer  may  readily  needle,  a  slender,  pointed  piece  of  steel 

perceive  and  correct  the  error.    Some  was    erected    perpendicularly,    which 

care,  however,  is  necessary  not  to  mis-  served  as  sights  for  observing  its  posi- 

take  in  reading  the  figures  indicating  tion  with  reference  to  the  divisions  of  a 

the  degrees,  they   being  inverted    as  graduated  limb,  six  feet  in  length,  fixed 

marked  upon  the  card :  this  may  be  pre-  to  a  pillar  at  the  distance  of  nearly  sixty 

vented  by  viewing  them  also   by  re-  feet  from  the  needle,  and  in  the  dtrcc- 

flexion.  tion  of  its  axis  *. 

(276.)  On  approaching  the  north  (281.)  Analogous  to  this  was  the  con- 
pole  of  the  earth,  the  north  end  of  the  struction  employed  by  Mr.  Prony,  con- 
needle  will  incline  downwards ;  but  the  sisting  of  a  long  magnetic  bar,  on  which 
card  may  again  be  readily  balanced  by  was  fixed  a  telescope,  moving  aloni; 
taking  out  the  ring  and  glass,  and  at-  with  it ;  its  motion  being  observed  by 
taching  a  smaU  bit  of  wax  to  the  south  looking  through  it  at  a  distant  object, 
pole  of  the  needle.  the  imaj^ce  of  which  would  have  a  cor- 

(277.)  When  it  is    considered  how  responding  motion  in  the  field  of  the 

great  is  the  diminution  of  the  power  telescope.    Humboldt,  who  made  many 

with  which  the  magnetism  of  the  earth  observations    with     this     instrument, 

acts  upon  the  horizontal  compass  needle  considered  it  to  be  a  very  accurate  me- 

in  very  high  magnetic  latitudes,  the  sa-  thod. 

tisfactory  results  which  have  been  ob-  (282.)  But  a  point  of  much  greater 

tained,  even  under  such  extreme  cir-  importance  is  that  the  ma<^netism  of  the 

cumstances  as  those  of  the  late  arctic  needle  should  be  uniform,  and  that  its 

voyages, — in   Davis's    Straits,  for    in-  magnetic  axis  should    remain    perma- 

stance,  and  Baffin's  Bay, — from  the  em-  nent.    Hence  its  form  should  be  of  the 

ployment  of  Captain  Kater's  azimuth  simplest  kind,  such  as  that  of  a  slender 

compass,  which  gave  correct  observa-  needle  of  nearly  e^ual  diameter  through- 

tions  when  other  instruments  became  out,  and  magnetised   with  great  care, 

useless,  afford  the  best  testimony  of  its  The  observation  of  minute  changes  of 

excellence,  and  of  the  precision  which  position   may  be  made  with  sufficient 

may  be  expected  from  its  employment  accuracy  by  means  of  a    magnifyioj^ 

in  the  ordinary  course  of  observation *.  glass;  which  expedient  will  supersede 

(278.)  In   some  azimuth  compasses,  the  necessity  of  employing  sit^hts,  or  of 

for  which  patents  have  been  taken,  a  givinjj  to  the  needle  any  extraordinary 

triangular  ^lass  prism  is  substituted  for  lene^th. 

the  mirror  m  the  above  instrument,  act-  (283.)  Another  material  point  is  to 

ing  evidently  on  the  same  principle  of  obtain  great  delicacy  of  suspension,  so 

reflexion,  and  evidently  borrowed,  with  that  the  needle  shall  immediately  obey 

a  trifling  alteration  of  form,  from  the  the  slightest  change  of  direction  in  th'? 

original  invention  of   Captain   Kater.  force   of  terrestrial  magnetism,  or  of 

Coloured  glasses  are   sometimes  pro- 

—————— ——^ ■  •  Hi«roire  de  rAcadetnie  KoyaJe  des  Seie&oev  Jf 

*  {900  Captain  Sab'me'i  o\iMrv%tiont  in  the  Pkilo-  Paris,  for  1773,  part  ii.,  p.  50. 

tophicMl  TnuiMctiooi  for  18l9,p.  UU  \  "Biiox^TmtA  do  Physi^ar,  torn,  iii.,  pp.  143;  144. 
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any  other  extraneous  magnetic  force,  produce  the  minute  diurnal  or  monthly 
Tliis  object  can  hardly  ever  be  suffi-  changes  in  the  variation,  by  adopting 
ciently  attained  by  balancing  the  needle  the  expedient  suggested  by  Mr.  Bar- 
iipon  a  point,  as  in  the  common  com-  low,  and  which  we  have  already  slightly 
pass  ;  because,  however  small  the  fric-  alluded  to,  $  122.  From  a  variety  of 
tiun  may  be,  it  is  still  a  force  which  is  considerations,  we  are  warranted  in  con- 
required  to  be  overcome  at  the  begin-  eluding  that  the  direction  assumed  by 
ning  of  every  new  motion,  and  which  the  magnetic  needle  is  the  result  of  a 
must  even  prevent  all  motion  until  the  great  number  of  magnetic  forces  acting 
moving  power  has  increased  to  a  cer-  upon  it,  some  of  which  are  of  a  nature 
tain  amount.  This  objection  does  not  more  permanent  than  the  rest.  Thus, 
apply  in  the  same  degree  to  the  suspen-  while  the  average  direction  is  the  re- 
sion  of  the  needle  by  a  fine  thread,  wnich  sultant  of  some  cause  of  very  general 
is  accordingly  the  best  plan  of  construe-  operation,  affecting  extensive  portions 
tion  for  a  variation  compass.  Care  of  the  globe,  many  occasional  changes 
should,  of  course,  be  taken  that  the  force  are  effected  by  causes  of  a  more  tran- 
of  torsion  be  as  small  as  possible.  Mr.  sient  nature,  some  of  which  are  periodi- 
Bennet  proposed  a  spider*s  thread  as  the  cal  in  their  influence,  but  of  which 
best  material  for  obtaining  great  delicacy  others  are,  as  it  were,  accidental,  or 
of  suspension,  and  procunng  the  greatest  at  least  very  irregular  and  fluctuating 
magnetic  sensibility:  for  although  twisted  in  their  action.  Innumerable  obser- 
through  many  thousand  turns,  it  occa-  vations  have  proved  that  the  compass- 
sioned  no  sensible  deviation  in  a  needle  needle  is  moi«i  or  less  agitated  during 
suspended  by  it ;  showing  that  its  force  the  nrevalence  of  the  aurora  borealis  *. 
of  torsion  is  insensible  *.  Its  deviation  from  this  cause  has  been 

(284.)  The  thread  should  be  con-  known  to  amoimt  to  six  or  seven  de- 
tained in  a  vertical  tube,  fitted  to  the  grees.  Volcanic  eruptions  have  been  at 
middle  of  the  upper  side  of  an  oblong  various  times  observed  to  occasion  con- 
box,  the  remaining  parts  of  which  are  siderable  disturbance  in  the  position  of 
to  be  completed  by  ^lass  plates,  for  the  the  needle :  this  was  particularly  noted 
purpose  of  protecting  the  needle  from  during  the  eruptions  of  Mount  Hecla 
a^tation  by  tne  air.  With  a  graduated  and  of  Vesuviusr  .  Atmospherical 
arc  adapted  to  each  end  of  the  needle,  changes,  such  as  violent  winds,  or  a  fall 
and  magnifiers  to  observe  the  exact  po-  of  snow,  have,  in  like  manner,  been 
sition  of  the  extremities  when  referred  known  to  affect  the  needle.  The  elec- 
to  these  arcs,  this  simple  form  of  the  trical  conditions  of  the  atmosphere,  and 
instrument,  which  is  the  one  employed  especially  those  connected  with  the  ap- 
by  Captain  Kater,  is  calculated  to  an-  proach  or  occurrence  of  thunder-storms, 
swer  every  practical  purpose  that  can  have  a  powerful  influence  on  magnetic 
be  desired.    Its  superiority  to  the  ordi-  polarity. 

nary  construction  was  shown  on  the  oc-  (286.)  It  is  evident  that  as  the  needle 
casion  of  the  late  Northern  Expeditions,  in  its  ordinary  states  is  urged  to  move  by 
when  it  was  found  that  the  friction  on  a  force  resulting  firom  the  influence  of 
the  metal  point  in  the  variation  needle  these  variable  forces,  combined  with 
belonging  to  Mr.  Browne,  made  by  Dol-  those  that  are  of  constant  operation,  the 
lond,  nearly  a  foot  in  length,  and  sus-  effect  of  the  former  would  be  much 
pended  in  the  usual  manner  by  an  greater  if  the  latter  were  withdrawn  ; 
agate  cap  on  a  metal  point,  was,  in  and  this  can  only  be  effected  by  neu- 
the  high  magnetic  latitudes  reached  tralizing  the  operation  of  these  constant 
by  Captain  Parry,  too  considerable  to  forces.  Mr.  Barlow  effected  this  by  ap- 
be  overcome  by  the  directive  power  of  plying  one  or  more  magnets  in  the  re- 
the  magnet ;  and  accordingly  it  hap-  quisite  positions,  so  as  to  counteract 
pened  that  i^  Winter  Harbour  the  in-  almost  entirely  the  natural  magnetic  in- 
strument was  quite  useless,  while  the  fluence  of  the  earth.  In  illustration  of 
one  furnished  by  Captain  Kater  still  tra-  which  he  gives  the  following  example  %. 
versed  t.  Supposing  that  a  finely  suspended  hori 

(285.)  Considerable  light,  however*  ________^___^ 

may  be  thrown  upon  the  causes  that  .  ^  w»««»tin'.  M«iDoir  in  the  Pbiio^phicai 

TrmanetioM  wr  17&li  P>  1S8. 

•  Philo«>phlcal  TrsnMrtioiM  for  17M;_Pb  81.  f  The  Abb6  do  U  Tom  obMnr«d.  c\a3»<(&  <&  «^- 

t  Parry*!  Joonial  of  a  Vojagt  for  tbo  INMOTory  Tnral  da^roM  la  thA  d«c\ukaAMA  ol  V'bA  imr^^  ^^wac 


n  MAdMrtMk; 

mnial  nmiik,'voSm  V»  itttbHl  in-  diminishMlbyincreitsinetheuiglewhMt 

flnmea  oftbenrih,  nukMoM  Tibrk-  th«  resultant  of  the  terrestrial  torxt 

tioB  IB  twoiNOndi:  and  thit  bymuk-  and  those  of  the  miignet  innde  with  the 

ing  tlie  tambUl inmKnaa  bv  migditi  horiion,   Rnd   which  would  be  nenrlf 

piopcrij  ■foiUd.  the  tiiiw  or  Tibntion  e|]ulvn1enl  to  increasing  the  uneile  of  the 

U  hterMMd  to  eiriit  aecondf  {  thin  It  dip.    This  arrangement  also  procun^d 

would  Itdlaw  Oua  Un  diicotiTa  ^Hmo  the  furlher  advantage  of  obtaioine  vs- 

«*■  ndooad  to  onc-nittnth  of  the  rious  modilicationi  ofe^ct,  by  Hllering 

fnnner ;    uid,  cotmeqwoSj,  that  itij  the  distances  of  the  neutralizing  mac- 

Umd  m^netio  ttav  letud  nfm  the  nets  Erom  the  needle,  nhcreb;  inTerencn 

.» .»  ___!.:__ ».j  _;_.-^  ight  be  deduced  as  to  the  v    ' 


Umd  m^netio  fiaw  eetiid  tqhiii  the  nets  Eh 
Dudh  womd  prodooe  an  efflcrt  (utcfib  mi^ht  I 
time*  {TMUr  than  befbre;  n  that  ii   in  Uie  1 


time*  {TMtar  than  befbre;  n  that  if  in  the  Infensitics  of  the  deflecting  forces 

the  bnaer  wore  tmibe  mimttM^   U»  occasioning  the  deviations  of  (he  needle 

new  eflbot  on  devivtioa  niight  ba  ex-  at  difTerent  times,    tt  would  eiceed  Ihe 

pected  to  amotml  to  between  tmn  and  limits  of  this  treatise  to  attempt  even  a 

ftmr  degreei,  andtherebiebe  nien  ta  to  shurt  abstract  of  the  mode  of  uiTestiEa- 

■dmit  of  dietinct  and  niiimisio^  obMr-  tion  pursued  by  Mr.  Christie  in  thi«  lo- 

ntion.    Thoa  be  haiid  that  when  Om  quiry,  and  for  the  details  of  nhich  m 

needle  waa  keptu  itinattbral^eaiUoa,  must  refer  our  readers  lo  his  peperib 

and  then  dmved  of  nm^  the  drlKile  the  Philosophical  Thmstlction^*.    H* 


^it.  diieeU  power  ^'m>^,* 
eugnet  near  it,  the  daib  nriaoon  i^nt 
be  magnifled  almoat  to  al^  uaotw. 


general  results  to  which  be  arrired  hi 
already  been  given  in  ^  123.  \^*. 


. _  ing  the  exact  vnrifttion.  great  care  shudi 

north  p<de  of  the  needle  waa  dinded  t6  betaken  that  the  compass  employed  bf 

lheioiith,eait.orweri.  or,  iatod,  ibf  unaffected  by  any  local  causes  of  i^ 

required  poeitioo,  it  leiet  ^iftin  eetWM  traction  from  iron  in    the  neiehlKntfr 

liraita.    with tttia -new.  Ur.B«i)c#i«  hood.    In  the  accoulil  nv^n  of  Ure  Ult 

deflected  the  needl^  by  therepAilaMot  teoroloEncal  instruments  used    al   W 

ft  mecnet,  inbo  «  certain  position,  aAd  Royal  Society's  house  +.  Mr.  Cavendkft 

then,  by  means  of  another  mafcnet,  mo-  points  out  the  raetliod  lie  emplmeil  IM 

difted  its  direcHie  power  in  the  same  ordfr  to  Hsci-rlain  whelher  fins  cause  of 

way  a«  when  it  was  in  its  natvmd  post-  error  existtd  ;  und  if  so,   lo  determitie 

tion  in  the  magnetic  meridian.  its  amount.    He  itniofed  the  vaiiation 

(287.)  Thus,  by  combining  diSbrenl  compass  fhnn  the  kpartmenb   of  the 

acts  of  obserralions,  in  dift^rent  poii-  Society,  into  a  large  gaideh  ttdohpitg 

tions  of  the  needle,  infonnalioh  may  be  t(t    &    hotiu    itl    MtribBrough-atwet, 

obtained  as  to  the  direction  as  well  as  in-  about  a  liiile  Uld  a  qiiaiUr  to  Uie  wot 

tensity  of  the  extraneous  forces  that  in-  of  Somertet  HousjE,  wltetc  tbrfe  eeentd 

terfere  with  the  general   directive  Ih-  tb  tie  Oo  danger  of  its  being  cSMCd  bf 

fluence  of  the  earth.    Mr.  Christie,  in  aiiy  iron-work.    HeTe  It  VrU  plkeed  e>- 

proaecutinK  these    investigations,  pre-  actiy  in  the  meridian,  and  coo^dttd 

fened  applying    two  magnets,  placed  for  a  few  daVi  Witti  a  vetj  ekact  eom- 

one  above  and  the  other  below,  and  on  pass,  placed  in  an  a4ioii4i>g  nmtn,  and 

different  sides  of  the  needle,  in  the  line  kept  fixed  constantly  in  (lie  saoie  ntna- 

of  the  dip,  or  that  in  which  it  would  tioa    It  was  then  rvtUovcd  l>Bek  to  the 

arrange  itself  if  tnely  suspended  by  its  Societva  house,  and  conitaared  agiia     . 

centre  of  gravily,  instead  of  retaining  with  the  same  compass.    Bv  a  meu  d    . 

them  in  the  same  horizontal  plane  with  these  observations,  the  diffiendee  be-     I 

the    needle,    conceiving  that   a    more  tween  the  position  in  the  tilra  ataluu     I 

equable  dis(ribution  of  the  foices  acting  was  iucertained,  Indicathlg  the  ai 


n  the  needle  viould  thus  be  obtained ;  of  the  loeal  influeiloe  of  ttie  iron  Id  the 
lor  a  portion  of  (he  forces  acting  upon  house  and  adjaecnt  mlildinn.  and  e» 
the  horiiontal  needle  in  theline  of  these    lequentlj  the  error  Ol  ttielitatnuaild. 


magnets  would    be   destroyed,  and    It 
would  still  be  acted  uponby  forces  Ih  j  .  nfilktliuMjiim  JtfWii 

the  same  direction  as  beforr,  but  oflesa  »  ».  i^>«/-w-^-«o«f». 

intensity ;  whereas  by  even  applying  (289i)  The  pHndpla  oH  which  fc 
the  poles  of  two  magneU  td  thb  cdtH-  dipping-tieeille  aeU  lias  aSmOf  bm 
spondinc  poles  of  the  Uewlie,  and  in  the 
time  pla£e  with  thBtf  "-  --'—'-' 
itirective  force  (^  t  ~ 
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explained  f §  97),  as  als6  the  general  fom    advantas:©  to  make  the  needles  of  con. 
of  the  instrument.  siderable  dimensions   so  as  even  to  ex- 

Fig.  67.  <i^d  a  foot  in  leng;th.    But  experience 

has  shown  that  more  is  lost  than  grained 
in  point  of  accuracy  ty  pivinp:  to  them 
a  length  p-eater  than  six  or  eight  inches ; 
and  considerable  convenience,  of  course, 
results  from  this  reduction  of  size,  as 
the  instrument  is  thus  rendered  more 
portable,  as  well  as  less  expensive. 

(293.)  With  a  view  to  diminish  fric- 
tion, Mr.  Mitchell,  in  the  year  1772, 
t)roposed  that  the  two  ends  of  the  axis 
of  the  dipping-needle  should  be  sup- 
ported on  friction-wheels ;  and  two  in- 
struments with  this  improvement  were 
executed  for  the  Board  of  Lons;itude 
by  Mr.  Nairne.  The  needles  were  a 
(290.)  The  simplest  construction  is  foot  in  length,  and  the  ends  of  the  axes 
that  represented  in/^.  67.  The  needle  were  made  of  gold  alloyed  with  cop- 
D  £{  is  a  flat  oblong  piece  of  steel,  broader  per,  and  the  fnction-w heels  on  which 
at  the  middle,  and  tapering  to  a  point  at  ihey  rested  were  foUr  inches  in  diame- 
the  extremities.  A  slender  cyhndrical  ter,  these  wheels  being  themselves  ba- 
axis  is  passed  at  right-angles  through  lanced  with  great  care.  The  ends  of  the 
its  centre,  and  moves  fVieely  in  circular  axes  of  the  fWction-w heels  were  like- 
apertures  made  in  the  middle  of  the  wise  made  of  an  alloy  of  sold  and  cop- 
lateral  horizontal  bars,  H  h,  fastened  to  per,  and  moved  in  small  holes  made  m 
a  vertical  graduated  circle,  CC,  indicat-  bell  metal ;  and  opposite  to  the  ends  of 
ing  the  angle  which  the  needle  makes  the  axes  of  the  needles  and  of  the  fric- 
with  the  horizon.  This  circle  is  fixed  tion  wheels,  were  placed  Hat  agates, 
to  a  flat  stand,  ST,  provided  with  one  finely  polished.  Each  magnetic  needle 
or  more  levels;  the  horizontality  of  vibrated  in  a  circle  of  bell-metal,  divided 
which  IS  adjusted  by  means  of  screws  into  degrees  and  half  degrees ;  and  a 
placed  at  the  comers  of  the  stand.  The  line  passing  through  the  middle  of  the 
usual  mode  of  observing  with  such  an  needle  to  the  ends  pointed  to  the  divi- 
instrument  is  first  to  ascertain  the  di-  sions.  The  needles  were  nearly  ba- 
rection  of  the  magnetic  meridian  by  a  lanced  before  they  were  rendered  mag- 
common  compass,  and  then,  removing  netical ;  and  by  an  ingenious  contrivance 
the  compass  to  a  sufficient  distance,  so  of  Mr.  Mitchell,  of  a  cross  fixed  on  the 
that  it  may  not  affect  the  position  of  the  axes  of  the  needles,  on  the  arms  of  which 
dipping-needle,  to  fix  the  circle  of  the  were  cut  very  fine  screws,  to  receive 
latter  in  the  plane  of  this  meridian,  and  small  buttons,  admitting  of  being  screwed 
then  to  render  it  perfectly  level  by  means  nearer  to  or  farther  from  the  axis,  the 
of  the  screws  of  the  stand.  For  the  ad-  needles  could  be  adjusted  both  ways,  to 
justment  of  the  instrument  in  the  men-  a  great  nicety,  after  being  magnetised, 
dian,  in  any  particular  place  where  the  by  reversing  the  poles,  and  changing 
bearing  of  a  distant  object  is  exactly  the  sides  of  the  needle.  The  fVame  of 
known,  the  fhime  containing  the  needle  the  instruments  were  provided  with 
is  occasionally  provided  with  two  sight  levels  for  the  horizontal  adjustment, 
vanes,  placed  on  an  index  moving  hori-  after  they  had  been  placed  in  the  plane 
zontally  on  the  top  of  the  vane,  and  of  the  macfnetic  meridian  *. 
which  may  be  directed  to  that  object.  (294.)  In  a  subsequent  volume  of  the 

(291.)  Great  care  should  be  taken  Philosophical  Transactions  f,  a  dipping- 
that  no  iron  or  steel  enters  into  the  con-  needle  is  described  by  Dr.  Lorimer, 
atruction  of  any  part  of  the  frame-work  calculated  for  making  observations  on 
of  the  apparatus,  as  such  material  the  dip  at  sea,  where,  from  the  un- 
might  produce  a  sensil)le  action  upon  steadiness  of  the  supports,  the  difficulty 
the  needle :  great  attention  should  even  of  attaining  any  degree  of  accuracy  is 
be  paid  to  the  purity  of  brass  that  may  be    very  great.     The  needle  was  of  Vlcw^ 

employed  in  its  construction,  and  to  its 

exemption  fifom  aU  magnetic  properties.      .  PWk)«Ai«lTwMwrti««  Wt  Yn»>^-  W. 
(292.)  It  was  farmaif  deemed  an      t  Forimvl^ 
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usual  shape  and  size,  and  moved  verti-  other.    Iti  poaiftkm  with  respeet  to  tiie 
cally  on  its  axis,  which  had  two  conical  respective  circles  points  out  also,  upon 
points,  slightly  supported  in  two  corre-  simple  inspection,  not  only  the  indma-. 
sponding  hemispherical  sockets,  inserted  tion,  or  dip,  but  also    the  mairnetic 
info  the  opposite  sides  of  a  small  up-  bearings  in  a  horizontal  plane.    Hence 
right  brass   paralldogram,    about  an  by  directing  the  vertical  circle  to  the 
inch  and  a  half  broad,  and  six  inches  sun,  or  other  object  in  the  heavens,  the 
high.  Into  this  parallelogram  was  fixed,  magnetic  amplitude  of  the  ol^ect  is  also 
at  right  angles,  a  slender  brass  circle,  reaoily  determined.    Dr.Lonmer*scom- 
about  six  inches  diameter,  silvered  and  pass,  though  exceedingly  plausible  in 
graduated  to    every  half-  degree,  on  theory,  presents  such  difficulties  in  its 
which  the  dip  is  indicated  by  the  needle.  pracbcaJ  execution,  as  can  scarcely  be 
This,    for  tne  sake  of  distinction,  he  overcome  by  the  most  exquisite  work- 
called  the  circle  of  magnetic  incHna-  manship. 

Hon.    This  brass   paraDelogram   and,       (295.)  The  dipping-needfe  formerly 

consequently,  the  circle  of  inclination,  used  by  the  Royal  Society,  and  which 

also  turned  horizontally  on  two  other  has  been  regarded  as  the  inodel  for  the 

pivots,  the  one  above  and  the  other  be-  construction    oi  instruments   of    this 

low,  with  corresponding  sockets  in  the  kind,  is  described  by  Mr.  Cavendish,  in 

parallelogram.    These  pivots  were  fixed  the  66  th  volume  of  the  'Philosophical 

m  a  vertical  brass  circle,  of  the  breadth  Transactions  *.*  In  this  instrument,  the 

and  thickness  of  two-tenths  of  an  inch,  ends  of  the  axis  roll  on  horizontal  agate 

and  of  such  a  diameter  as  to  allow  the  planes ;  and  a  contrivance  is  applied,  by 

circle  of  inclination  and  the  parallelo-  which  the  needle  may,  at  pleasure,  be 

^am  to  move  freely  round  within  it.  lifted  off  fi*om  the  pltmes,  and  laid  down 

This  second  circle  he  cslls  the  general  on  them  again  in  such  a  manner  as  to 

meridian.    It  was  not  graduated,  but  be  supported  always  by  the  same  points 

had  a  small  brass  weight  fixed  to  the  of  the  axis  resting  on  the  same  parts  of 

lower  part  of  it,  to  keep  it  in  a  vertical  the  agate  planes,  3ie  motion  by  which  it 

position  ;    and   the   curcle   itself  was  is  let  down  being  very  gradual  and  with- 

screwed,  at  ri^ht  angles,  into  another  out  shake.    The  jB;enend  form  of  the  in- 

circle,  of  equal  internal  diameter,  of  the  strument,   the  size  and  shape  of  the 

same  thickness,  and  twice  the  breadth,  needle,  and  the  cross  used  for  balancing 

which  was  silvered  and  graduated  on  it,  were  the  same  as  in  the  dippini^- 

the  upper  side  to  every  half  degree.    It  needle  constructed  by  Naime  on  the  plan 

represented  the  horizon :  for  it  swung  of  Mr.  Mitchell,  already  described,  } 

freely    in    gimbals,   and    was,    conse-  293.  The  mode  of  using  the  instrument 

quently,  always  horizontal.    The  whole  was  as  follows  :  the  dip  was  obsentd 

was  contained  in  a  mahogany  box,  of  first  with  its  fix)nt  to  the  west,  and  then 

an  octagon  shape,  with  a  glass  plate  at  with  its  front  to  the  east ;  after  whicii 

the  top,  and  one  on  each  side  for  some  the  poles  of  the  needle  were  reversi-d. 

way  down.    That  part    of  the  frame  and  the  dip  observed  both  ways  as  btv 

which  contained  the  glass  could  be  lifted  fore.    Care  was  taken  that  the  netslie 

oft*  when  requisite.     The    whole   box  was  rendered  equally  magnetical  after 

turned   round  upon    a    strong    brass  the  poles  were  reversed,  as  it  has  l»een 

centre,  fixed  in  a  double  plate  of  maho-  before ;  this  equality  being  ascertained 

gany,  glued  together  cross-wise,  to  pre-  by  counting  the  number  of  vibrations 

vent  its  warping  or  splitting ;  and  this  made  by  the  needle  in  a  given  time  in 

again  was  supported  by  three  brass  feet,  both  cases.    The  mean  of  these  four 

frosted  so  as  to  prevent  their  slipping  observations  was  the  true  dip. 
when  the    vessel    rolled  considerably.        (296.)  In  order  to  estimate  the  influ- 

When  not  wanted  for  use,  it  was  en-  ence  of  the  several  causes  of  error  which 

closed  in  an  outer  square  box,  in  order  might  singly  vitiate  the  result,  but  which 

to  preserve  it  effectually.  may  be  made  to  compensate  one  an- 

The  peculiar  advantage  of  this  in-  other  by  combining  these  different  modes 

strument  consists  in  the  freedom  which  of  observation;  let  us  suppose  Jtg,  69 

is  allowed  to  the  needle  of  obeying  the  to  present  us  with  a  front  view  of  the 

tendency,  impressed  upon  it  by  terres-  needle ;  and  S  N  to  be  the  direction  of 

trial  magnetism,  of  placing  itself  in  the  the  magnetic  axis,  or  line  according  to 

line  of  the  dip.  in  consequence  of  the  which  its  magnetism  is  exerted ;  and  let 

power  which  it  has  of  moving  in  dif-  ■ 

ferent  planes  at  right  angles  to  one  an-  «  Forth* year  ITTS,  pwaHw 
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M  m  be  drawn  at  right  angles  to  S  N,  senting  therefore  the  axis  of  motion.  If 
and  passing  through  the  centres  of  the  the  needle  were  truly  balanced,  its 
cylindrical  ends  of  the  axis,  and  repre-    centre  of  gravity  would  coincide  with 

Fig.  68. 


the  intersection  of  these  lines  at  c.  But  the  line  SN  ;  or  although  the  line  join 
supposing  this  not  to  the  be  case,  and  that  ing  the  two  divisions  (tf  9(P  be  not  per- 
in  consequence  of  an  error  in  the  sus-  pendicular  to  the  horizon ;  or  although 
pension  the  centre  of  gravitv  is  at  g ;  the  axis  of  motion  do  not  pass  through 
draw  ^/perpendicular  to  SN,  cuttmg  the  centre  of  the  divided  circle,  pro- 
it  in  n,  and  make  nf  equid  to^  n.  vided  it  be  in  the  same  horizontal  plane 
When  the  instrument  is  turned  halfway  with  it  Should  it  happen,  indeed,  that 
round,  so  that  the  opposite  face  of  the  the  axis  of  motion  is  not  in  the  same 
needle  is  presented  to  us,  the  edge  S  M  N  horizontal  plane  with  the  centre  of  the 
will  now  be  in  the  place  before  occu*  divided  circle,  the  error  thence  arising 
pied  by  S  m  N,  and  the  centre  of  gravity  will  not  be  compensated  by  this  me- 
will  be  situated  at  that  part  where  thod  of  observing ;  unless  the  position 
point  /was  before ;  therefore  the  mean  of  both  ends  of  the  needle  be  taken  as 
between  the  forces  by  which  the  needle  checks  upon  one  another.  This,  how- 
is  drawn  out  of  its  true  position  in  these  ever,  is  of  no  consequence,  since  it  is 
two  situations,  in  consequence  of  its  not  easy  to  examine  whether  or  not  they 
being  truly  balanced,  is  accurately  the  are  in  the  same  horizontal  plane, 
same ;  and  the  mean  between  the  two  (299.)  But  the  error  that  is  most  dif- 
observed  dips  is  very  nearly  the  same  as  ficult  to  be  avoided  in  the  construction 
if  the  centre  of  gravity  had  been  at  n.  of  the  instrument,  is  that  which  arises 
But  if  the  centre  of  gravity  were  at  n,  from  the  ends  of  the  axis  not  being  truly 
the  dip  would  be  very  nearly  as  much  too  cylindrical.  It  is,  accordingly,  essentia 
great  m  the  one  position  of  the  needle,  that  the  parts  of  the  axis  which  rest  in 
or  it  would  be  too  little  when  the  poles  the  agate  planes  should  be  exactly  the 
are  reversed ;  or  vice  versd.  Therefore  same.  The  instrument,  however,  is  so 
the  mean  of  the  x)bserved  dips  in  these  contrived  as  to  admit,  on  occasion,  by 
four  situations  will  be  very  nearly  the  giving  the  axis  a  little  liberty  in  the 
same  as  if  the  needle  were  truly  ba-  notches  by  which  it  is  lifted  up  and 
lanced.  down,  of  our  making  these  planes  bear 

(297.)  In  the  second  place,  if  the  against  a  part  of  the  axis  distant  about 
planes  on  which  the  axis  rolls  are  not  a  hundredth  or  a  fiftieth  of  an  inch  from 
horizontal,  the  dip  will  be  very  nearly  their  usual  point  of  bearing.  Mr.  Ca- 
as  much  greater  than  it  would  otherwise  vendish  found  that,  when  the  axis  is  con- 
be,  when  one  face  is  turned  to  the  west,  fined,  so  as  to  have  no  such  liberty, 
as  it  is  less  when  the  other  is ;  for  if  and  when  care  is  taken,  by  previously 
these  planes  dip  towards  the  south  in  making  the  needle  stand  at  nearly 
one  case,  they  will  dip  as  much  towards  the  right  dip,  that  it  shall  vibrate  in 
the  north  in  the  other,  supposing  the  very  small  arcs  when  let  down  on  the 
levels  by  which  the  instrument  is  set  to  planes :  that  then,  if  the  needle  be  lifted 
remain  unaltered.  Conse<]uently,  the  up  and  down  any  number  of  times,  it 
mean  of  the  two  observations  will  be  will  commonly  settle  exactly  at  the  same 
very  nearly  the  same  as  if  they  had  point  each  time  ;  at  least  the  difference 
been  placed  in  a  truly  horizontal  plane,  is  so  small  as  to  be  scarcely  sensible. 

(298.)  The  same  method  of  reasoning  But  if  it  be  not  so  confined,  there  will 

will  show,  in  the  third  place,  that  the  often  be  a  difference  of  twenty  minutes 

mean  of  the  two  observations  above-  in  the  dip,  according  as  different  parts 

mentioned  will  not  be  altered,  although  of  the  axis  rest  on  the  planes ;  and  that, 

the    index-line  joining   the   mark    by  although  the  greatest  care  be  taken  to 

which  we  observe  with  the  axis  of  mo-  free  me  axis  and  planes   from  dust ; 

tion  be  not  parallel  to  the  axis  of  the  which  can  be  owing  only  to  some  irre- 

needle ;  that  is,  although  the  index  line  gularity  in  the  axis.     If  the   needle 

donotcoinddewiththecontinuatiim.of  vibnteiaaiGsofftve  degrees,  ormore^ 
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INiattformiila.theJoittlopcnHoBOfth6  tint  of  angBitai  ki  at MvuMUg  the 

tifo  foreet  it  resolvable,  and  the  pon-  ineqaaBllBi  of  tibo  nb;  aad  thus  to 

tion  which  the  needle  ehoald  tstQine  eanae  the  needle  to  nftonu  after  oecil* 

fiom  that  of  magDetiem  alone  it  dedo-  lation.  with  toon  oertainty  to  tiie  tame 

aUewith  great  preeition*.    Thit  in-  point  of  the  divided  finb  tfaanitwoald 

tentional  teparation  of  the  centret  of  do  were  the   oentret  etrist^  ooinei- 

inravit jT  and  tutpention  it  effected  by  dent 

tapinng  the  needle  with  a  line  interior  (MM.)  Ibe  eeidree  of  molioQ  and  of 

tcrew,  in  order  that  it  nuqr  reeem  a  gravitf  not  ooincMing,   the  potition 

fine  tteeltcrew,  projecting  at  aome  die-  whieh  the  needle  atenaMi»  vAen  njaoed 

tanee  from  the  needle,  aiM  on  which  a  in  tlie  magnetis  meridiaa,  ia  not  tnat  of 


tmallbratt  balltravertet.    By  thit  con-   the  dip :  Sot  the  dip  it  dedueible  by  tn 
trivance«the  nenUe  may  be  deflected   eawrcafanlrtioBfcpmobwnwtionaBMide 


fipom  the  true  dip,  in  amr  degree  that  may  with  tnch  a  needle,  aoeorii^g  to  ttalbl 

be  detired,  and  the  toirntrial  action,  lowing  <tirectioiie:— 
which  vaiiet  at  the  tine  of  the  an^^  of       (307.)  If  the  neeffle  haa  beencagefciBy 

deviation  from  the  line  of  dip,  may  be  mftde,  and  the  aorew  ineerfad  traly  at 

increated  in  ahnoet  any  proportion.  deecribed,  the  oentret  of  aaotioa  and  ef 

(305.)  The  Mowing  it  the  detcrij^  gravity  wiU  be  ditpoied  aa  in  the  lew 

tion  of  the  needle  conttmoted  on  tmt  of  a  balance,  where  a  i%lit  liBa joiniqg 

principle,  winch  wat  emjiloyed  by  Cap-  them  will  be  apeipendiBiilartotaeho> 

tain  Sabine  in  the  determinationt  of  the  rtinntt!  peitingthrnirii  te  entwatwi, 

dip,  at  nported  in  the  work  aheady  tint  it,  to  the  indeKflna.    Una  eondi- 

qnoted.    Ihit  needle  wat  a  parallelopi-  tkm  it  not.  Indeed,  a  neoeaiaiy  one; 

nedon  of  deven  inehet  and  a  half  in  hot  it  b  deiinibie  to  aeoore  it»  batMM 

length,  four4entht  in  breadth,  and  one-  it  thoitent  the  oheeifatiouti  m  wiU 

twentieth  in  thidaiett;  the  endt  were  at  the  ^^^V*m*  llrom  wiMnoa  the  dip 

rounded ;  and  a  line  marked  on  the  it  deduced.    Ita  folfilnient  BMf  be  at- 

face  of  the  needle,  patted  throojsh  the  certained  with  great  prteiiioii»  by  piaonv 

centre  to  the  eztremitiet,  antwenng  the  the  needle  on  the  agata  plaaea  brtae 

purpose  of  an  index  line.    The  cylin-  magiMrtitm  it  imparted  to  i^andobterv- 

drical  axis  on  which  the  needle  revdved  ing  whether  it  retumt  to  a  horiiontd 

was  of  bell  metal,  terminated,  when  it  direction  after  otcillation,  in  eaeh  poti- 

rested  on  the  agate  planet,  by  cylinder!  tion  of  the  axis ;  if  it  do  not,  it  may  be 

of  less  diameter ;  the  finer  these  termi-  made  to  do  so  at  thit  time  with  no  greet 

nations  can  be  made,  as  long  as  they  trouble. 

do  not  bend  with  the  weight  of  the       (308.)  WMk  a  needle  in  which  this 

needle,  the  more  accurate  will  be  the  adjustment  can  be  relied  on,  two  obeo^ 

oscillations.      Small    grooves   in  the  vations  made  in  the  magnetic  wMyryiiMi 

thicker  part  of  the  axis  received  the  Y*t,  are  suflicient  for  the  determination  of 

which  raised  and  lowered  the  needle  on  the  dip.    The  two  fu^et  oi  the  needle 

its  supports,  and  insured  that  the  same  are  in  succetsion  turned  towarda  the 

parts  of  the  axis  rested  on  the  planes  in  observer,  by  reversing  the  potition  of 

each  observation.  ^e  axis  on  its  supports,  in  tnch  a  man- 

A  small  brass  sphere  traversed  on  a  ner  that  the  edge  of  the  needle  which  is 

tteel  screw,  was  inserted  in  the  lower  ed^e  uppermost  in  Uie  one  observation,  be- 

of  the  needle,  as  nearly  as  possible  m  comes  lowermost  in  the  other.    The 

the  perpendicular  to  the  index  line  pass-  angles  which  the  nec^e  makes  with  the 

ingthrough  the  axis  of  motion;  by  this  vertical  in   these   two  poaitiont  beiag 

mechanism,  the  centre  of  gravity  of  the  rtad,  the  mean  of  the  tangent  of  those 

needle,  screw,  and  sphere  may  be  made  angles  is  the  co-tangent  of  the  dip. 
to  fall  more  or  less  below  the  axis  of       (309.)  But  when  needles  axe  used  in 

motion,    according   as   the   sphere  is  which  this  previous  adjustment  has  aot 

screwed  at  a  smaller  or  greater  distance  been  made,  or  when  its  accuracy  camwt 

from   the   needle,   and    according   as  be  relied  on,  four  observations  aie  le- 

spheres  of  greater  or  less  diameter  are  quired ;  two  being  those  that  have  bem 

employed.    The  object  proposed  in  thus  already  directed;   and  the  other  t«) 

separating  the  centres  of  motion  and  of  being  similar  to  them,  but  made  witb 

gravity,  was  to  give  to  the  needle  a  force,  the  poles  of  the  needles  reversed. 
ansing  from  its  own  weight,  to  astist       CaUing,  then,  the  first  ax«a  F  and/; 

'  •  8-c.pum  tabiM*.  Acemmt  of  E»Ti»«to  ^d thosc ^h  the  polcs  revwaed  O tod 

todet«nBiMtheSfufofthtEwtk,p.467.  g",  caUmg  the  dip  },  and  taking 
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tans:.  P  +  tang./  «  A  meter  of  the  divided  circle  of  the  initru- 
tan^.  F  —  tang./  =  B  ment,  ought  to  have  coincided  with  the 
tans:.  G  + tang. ^=  C  divisions  90°  and  90°  of  the  circle; 
tang.  G  -  tang./f  =  D  when  they  did  not,  the  cones  afforded. 
Then  the  dip  may  be  calculated  by  the  in  this  case  also,  the  means  of  correct- 
following  formula :—  ing  the  adjustment. 

^'^  J-  JL_5._  „  ^^^.^^  1  (313.)  The  dipping-needle  affords  a 
B  +  D^B  +  D"'*  cotang.  i.  method  of  determining  the  position  of 
(310.)  In  reversing  the  poles,  it  is  not  the  magnetic  meridian,  independently  of 
necesKary  that  the  magnetic  force  im-  thehorizontalneedle;  forifwetumround 
parted  to  the  needle  should  be  the  same  the  whole  instrument  horizontally  (so  as 
in  degree  as  it  possessed  previously  to  to  place  it  successivelv  in  different  azi- 
the  operation.  The  coincidence  of  the  muths),  till  we  find  that  in  which  the 
poles  with  the  extremities  of  the  longi-  needle  assumes  an  exactly  vertical  po- 
tudinal  axis  may  always  be  insured  cy  sition,  the  plane  of  its  motion  is  then  ex- 
adopting  the  precaution  of  placing  the  ^tly  at  ng^t  angles  to  the  magnetic 
needle  in  a  groove,  to  prevent  its  lateral  meridian ;  and  the  latter  may  therefore 
motion,  and  by  confining  the  sides  of  be  determined  from  the  former, 
the  ma^et  by  parallel  strips  of  wood,  (314.)  By  comparing  the  inclination 
80  that  in  moving  alon^  the  needle  they  of  the  dippmg-needle  to  the  horizon,  in 
may  preserve  its  direction.  two  different  positions,  such  that  the 
(311.)  If  the  distance  between  the  planes  of  its  rotation  are  perpendicular 
centres  of  motion  and  of  gravity  be  con-  to  each  other,  we  may,  by  the  following 
siderable,  the  arcs  in  the  alternate  ob-  trigonometrical  formula,  deduce  the  dip. 
servations  will  be  on  different  sides  of  If  the  inclinations,  observed  in  the  two 
the  vertical,  especially  when  the  dip  is  azimuths,  be  represented  respectively  by 
great ;  in  such  cases  the  arcs  to  the  S*  tmd  S",  and  the  dip  itself  (or  the  inch- 
south  of  the  vertical  are  read  nega-  nation  in  the  magnetic  meridian)  by  S, 
tively.    The  arcs  in  each  of  the  four  then, 

positions,  forming  the  data  from  which  Cot.  "Jscot.  «J'+cot.  'S" 

the  dip  is  deduced,  are  the  arithmetiral  By  niultiplying  observations  of  this  kind 

means  of  several  observations,  usually  in  different  azimuths,  and  taking  the 

six,  half  of  which  should  be  made  with  mean  of  all,  we  may  arrive  at  a  very 

the  face  towards  the  east,  and  half  with  accurate  determination  of  the  dip. 
the  face  towards  the  west;  the  needle       (315.)  Mr.  Scoresby  has  proposed  an 

being  lifted  by  the  Y*s  and  lowered  gently  ingenious  method  of  finding  the  dip,  by 

on  its  supports  between  each  observa-  observing  the  situation  in  which  bar-iron, 

lion.   Thearcs  indicated  by  both  ends  of  void  of  permanent  magnetism,  loses  all 

the  needle  should  abo  be  read,  in  order  to  power  of  affecting  the  compass  placed 

correct  the  errors  arising  from  inequa-  at  a  certain  distance  frt)m  it ;  for,  as 

lity  in  the  divisions,  or  from  the  axis  of  Mr.  Barlow  has  ascertained,  its  position 

the  needle  not  passing  correctly  through  must  then  be  in  the  plane  of  the  mag- 

the  centre  of  the  circle.  netic  equator.    The  inclination  of  the 

(312.)  In  order  to  insure  the  perfect  plane  to  the  horizon  is,  of  course,  equal 

horizontality  of  the  agate  planes  which  to  the  complement  of  the  dip.    Mr. 

supported  tne  axis  of  the  dipping-needle  Scoresby  has  described  an  instrument 

on  Mayer*8  construction,  employed  by  calculated  for  making  this  species   of 

Captain  Sabine,  a  spirit  level  was  at-  observation,  in  the  Transactions  of  the 

tached  to  a  circular  brass  plate,  of  the  Royal  Society  of  Edinburgh  •. 
proper  diameter  to  be  placed  upon  the        (316.)  Other  methods,  of  a  nature 

E lanes  themselves,  with  adjustments  to  somewhat  more  refined,  exist  for  dis- 

ring  it  parallel  to   the   plate.     The  covering  the  dip,  which  depend  on  the 

errors  of  the  level  were  shown  by  placing  admeasurement  of  the  intensities  of  the 

the  plate  in  various  positions  horizon-  magnetic  forces  by  which  the  needle  is 

tally ;  and  the  errors  of  the  planes  by  urged  in  different  positions  of  the  axis 

turning  the  whole  instrument  upon  its  and  plane  of  rotation.    The  magnetic 

horizontal  centre.    When  these  errors  force  derived  from  the  influence  of  the 

were  adjusted,  and  the  planes  and  plate  earth,  and  acting  in  the  direction  of  the 

perfectly  horizontal   the  iqpices  of  two  dip*  may  be  resolved  into  other  forces, 

cones,  which    proceeded  perfectly  at  which  will  bear  to  one  another  the  same 

right  angles  from  the  plate  uniting  them  ratios  as  the  sides   of    the  triangles 
at  their  baseband  were  equal  to  the  dia-  «  Voi.  ix.  p.  247. 
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which  represent  them.  The  angles  of 
these  triangles,  the  dip  being  one  of 
these  angles,  may  be  determined  by  the 
tHgonometrical  relations  of  these  lines 
when  two  of  them  are  given.  All  that 
is  required  for  this  purpose  is  to  ascer- 
tain tne  ratio  of  the  forces  which  act  in 
directions  parallel  to  these  lines,  and  are 
proportional  to  them.  Of  the  methods 
by  which  the  intensity  of  these  forces  is 
to  be  measured,  we  sludl  proceed  to  treat 
in  the  next  section. 

§  6.  Methods  of  determiningjhe  inten- 
niies  of  the  Magnetic  jPbrces. 

(317.)  When  a  magnetic  needle  is 
moveable  in  any  plane  on  an  axis  that 
passes  through  its  centre  of  gravity,  so 
that  its  movements  are  simply  the  ef- 
fects of  the  maf^netic  forces  of  the  earth 
acting  upon  the  two  polarities  of  the 
needle  (which  may  be  considered  as 
concentrated  in  its  poles),  it  takes  a 
certain  position,  whicn  is  that  in  which 
the  forces  are  in  equilibrium.  Let 
needle  SN,  Jig.  70,  for  example,  be 
moveable  on  an  axis  at  X,  perpendi* 
cular  to  the  plane  of  the  figure ;  and  let 

Fig.  70. 
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ration  in  any  other  position,  as  SN.we, 
must  resolve  the  force  represented  by  the 
line  NE  into  two  others ;  the  one,  N  jr, 
in  the  direction  of  the  radius  of  rotation 
XN,  prolonsed ;  and  the  other  in  the 
direction  NR,  perpendicular  to  it    The 
force  N  x,  being  opposed  by  the  fixed 
axis  at  X,  contributes  in  no  respect  to 
produce  motion  ;  NR  is  the  only  part 
of  the  terrestriad  force  that  turns  the 
needle  upon  its  axis.    Now  it  is  evi- 
dent that  NR  is  to  NE,  as  the  sine  of 
the  angle  NER,  or  its  equal  ENj-,  to 
the  radius;  but  the  force  represented 
by  the  line  NE  being:  a  constant  force, 
the  rotatory  force  NR  will,  in  every  po- 
sition of  the  needle,  be  invariably  as  the 
sine  of  the  angle  £Nx,  made  by  the 
needle,  on  its  prolonged  direction,  with 
the  dh-ection  of  the  terrestrial  force. 
The  same  reasoning,  in  all  respects,  sd- 
plies  to  the  force  S  e  acting  on  the  pole 
S;  but  since  it  acts  on  the  other  nk 
of  the  axis  .  in  a  contrary  directioD,  it 
will  concur  with  the  force  acting  on 
the  pole  N,  in  giving  the  same  rotatort 
motion  to  the  neeole.    The  effect  will, 
therefore,  be  equal  to  the  sum  of  theie 
two  rotatory  forces,  and  will  be  twice 
as  great  as  either  of  them  taken  sqor 
rately ;  and  the  resultant  will  still  be 
proportional  to  the  sine  of  the  angle  of 
inclination. 

(318.)  A  little  consideration  will  en- 
able us  to  perceive  that  the  condition  d 
the  needle,  with  regard  to  the  magnetic 
forces,  is  analogous  to  that  of  a  lever 
moveable  on  a  horizontal  axis,  and 
acted  upon  by  the  force  of  gravity.  If 
we  suppose  a  straight  lever,  AB,  /g* 
71,  moveable  upon  an  axis  X,  at  n^ht 
angles  to  it,  to  be  raised  from  the  ver- 
tical position  a  b,  whi-jh  is  that  of  equi- 
librium, inasmuch  as  gravitation  acts  in 

Fig.n. 
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NE  be  the  direction  in  that  plane  of 
the  force  of  terrestrial  maafiietism  acting 
upon  tlie  pole  N  ;  while  S  f?,  opposite 
and  parallel  to  NE,  is  the  direction  of 
the  force  in  the  same  plane,  acting  upon 
the  pole  S.  The  position  to  which  the 
needle  is  brought  by  these  forces  is  s  n, 
parallel  to  the  common  direction  of 
these  forces,  when  they  are  in  direct 
opposition  to  e^ich  other,  and  therefore 
in  eqmlibrium.  In  order  \o  esUavvLle 
the  rotatory  efficiency  oUVvetoic^^'wvoY^- 
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that  direction,  and  placed  in  the  inclined  aetly  with  the  plane  of  the  magnetic  me- 
position  AB,  it  is  well  known  that  ridian,  just  as  tf  it  had  been  suspended 
the  rotatory  action  of  the  force  of  grar  by  its  own  eentre.  Had  there  existed 
vity  acting  upon  all  its  particles  is  equi-  any  force  impelling  it  horizontallyt  it 
valent  to  a  single  force  acting  upon  a  would  have  occasioned  a  deviation  from 
point,  O,  which  is  called  the  centre  of  os-  this  plane,  acting  as  it  must  have  done 
dilation ;  and  also  that,  in  order  to  esti-  with  the  advantage  of  the  lever  AC.  But 
matewhatportionof  that  force  OE  con-  the  two  equal  forces  acting  differeatly 
tributes  to  its  rotation  on  its  axis,  we  upon  the  two  magnetic  poles,  Ihoof  a 
must  resolve  it  into  one  in  the  direction  opposed  with  respect  to  any  motion  e§ 
O  X,  and  another  in  the  direction  O  r,  traiislation,  yet  concur  in  tkieir  rotalovjr 
at  right  angles  to  it ;  this  latter  force  action,  and  may,  consequently,  aa  liur  at 
being  in  all  crises  proportional  to  the  sine  relates  to  this  action,  be  re^jfarded  aa  • 
of  the  angle  £0^;,  or  its  equal  BXb.  smgle  force  cl  twice  the  mteasity  a{ 
The  only  difference  between  this  case  either  of  them  taken  singly, 
and  the  one  we  have  been  considering,  (d2A.)  It  is  evident,  then,  that  th« 
is  that  here  the  force  is  single,  whereas  same  dynamical  laws  which  re|^lat« 
there  are  two  forces  acting  upon  tha  the  motions  of  a  compound  pendulums 
magnetic  poles.  actuated  by  terrestrial  gravity,  will  alaft 

(319.)  These  two  foroea  being  alwaya  regulate  those  of  a  magnetic  needle,  hi^ 
precisely  equal  and  in  opposite  direc-  laoced  on  its  centre  of  gravity,  and  aa* 
tions,  perfectly  balance  one  another  tuated  by  terrestrial  ma^n^tism.  Tha 
with  reference  to  any  motion  of  the  same  pendulum,  it  is  well  known,  per* 
tthole  needle,  either  towurds  or  from  the  forms  all  its  vibrations  in  equal  times, 
earth.  This  admits  of  experimental  whatever  be  the  length  of  the  arc  m 
proof;  for,  in  the  first  place,  were  there  which  they  are  performed,  provided 
any  balance  remaining  in  favour  either  that  arc  be  not  too  great.  If  we  esti- 
of  the  attractive  or  repulsive  forcea  mate  the  length  of  a  pendulum  by  the 
emanating  from  the  earth,  the  effect  distance  between  its  centre  of  motion 
wouki  be  shown  by  an  apparent  chimge  and  ita  centre  of  oscillation,  then,  in 
in  the  weight  of  the  needle ;  if,  when  pendulums  of  different  lengths,  and  in 
magnetised,  it  were  on  the  whole  at-  situations  where  the  force  of  gravity  is 
tracted  to  the  earth,  it  would  appear  different,  the  squares  of  the  times  o| 
heavier  than  before ;  if  repelled,  lighter,  performing  a  given  number  of  vibra- 
Bnt  no  such  change  is  observed  to  take  tions  are  directly  proportional  to  the 
place.  Neither  is  there  any  tendency  lengths  of  the  pendulums,  and  in- 
manifested  in  a  magnetised  bar  to  a  versely  proportional  to  the  force  of 
lateral  or  horizontal  motion.  This  may  gravity.  Now  the  number  of  vibrationa 
be  proved  by  placing  it  at  the  end  of  a  performed  in  a  given  time  is  inversely 
light  frame  of  wood,  AB,  fg.  72,  which  as  the  time  employed  in  each  vibra- 
is  suspended  at  its  centre  C  by  means  tion  ;  therefore,  the  square  of  the  nuna- 
of  a  fine  silk  thr«*rK!,  T ;  a  weight,  W,    ber  of  vibrations  in  a  given  time  will  be 

„.  inversely  proporlional  to  the  length,  and 

rig,  72,  directly  prop(^k)nal   to  the  force    of 

gravity. 

(321.)  The  same  formula  being  ap- 
plicable to  the  vibrations  of  magnets, 
a  very  simple  computation  will  enable 
us  to  arrive  at  an  estimate  of  the  com- 
parathre  forces  acting  on  the  same  mag« 
net  in  different  mclinations  of  the  axia^ 
and  hi  different  situations  with  respect 
to  the  positwn  of  equilibrium  in  the 
plane  of  motion.  We  have  only  to  dia« 
tush  it  slightly  from  this  poaition,  und 
count  the  number  of  vibrations  it  makee 
in  a  priven  time,  a  minute  for  exampie, 
beinc:  placed  at  the  other  end  to  act  aa  a  n»  drfferent  cases:  then,  taking  the 
counterpoise  to  the  magnet  N8.  Whan  aqearea  of  these  nnmbera,  they  will  be 
left  to  itself,  it  will  be  found  that  the  proportianaltotheintensitieaofthft\«i. 
whole  apparatus  will  turn  round  untii  leilnBl  mopdie  foi««t  >3mX  %x^  v^  «Y*- 
the  direction  of  the  needle  coincides  ex-    ration  in  these  seNexai  VxisX^^^-a^ 
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(329.)  The  preeedhig  retsoniiig  19  jb.  fs. 

founded  upon   the    snppositioii  that  ^ j^ 

the  axis  of  motkm  paswd  accurately 
through  the  cei^tre  of  jpmty  of  the 
magnet ;  ao  that  the  eflect  of  gravity 
was  rtmoTed,  and  could  not  in  ainr  way 
interfere  with  the  rotatory  force  of  nuig- 
netism.  This,  bowefer,  is  aeonditioo, 
which  it  is  next  to  impossible  praeticaUy 
to  fulfil;  and  if  it  benotenetlyftilfiUed. 
then,  whenever  the  centre  of  gravity  is 
not  in  the  precise  Ime  passing  vertically 

through  Vm  centre  of  suspension,  the  NS  the  line  of  dip;  NR  ahoriiontal 

effect  of  gravity  is  to  impart  to  that  line  perpendicular  to  SN.   The  force 

aide  of  the  magnet,  on  wluen  the  centra  NE  is  resoWed  into  RE,  perpenifienlar 

is  found,  a  tendenqr  to  preponderate ;  to  RN,  and'which  being  out  €f  the  plane 

Mid  its  oscillations  are  no  longer  pro-  of  motion,  andperpenaieQkrtoit.does 

duced  by  the  simile  action  of  tM  mag-  not  contribute  to  the  motioii  of  the 

netic  forees,  nor  directed  to  the  exact  needle,  and  NR  the  horiioiital  fbiee ; 

Ime  of  thdr  action.    The  only  method  wUch  latter  is  to  NB  as  the  eonne  of 

of  correcting  this  source  of  enror,  when  tiie  angle  £NR  is  to  the  ndina.   Thb 

it  is  not  very  considerable,  is  to  reverse  fbioe,  NR,  is  constant  in  all  positkw 

the  polarities  of  themagnet,  and  make  of  the  needle  in  the  horinntal  pJans; 

a  new  fet  of  observations  on  the  indi-  and  acts  always  in  panUel  dhrectiQBi. 

nation  and  intensity  in  tins  state  of  the  Its  rotatory  action,  nowevo;  will,  of 

magnet;  and  then  to  take  the  mean  of  course,  depend  upon  the  deviitioa  of 

the  corresponding  observations,  which,  the  needle  fifom  toe  portion  of  eqnli- 

in  consequence  of  the  conq[misation  of  brium,  that  is,  upon  um  ao^  whish  it 

the  opposite  errors  existing  in  the  two  makes  with  therplana  of  the  nawidiBa; 

modes  of  cMtimation,  will  express  the  being  proportional  to  the  aine  of  tint 

true  value  of  the  quantity  sought  angle.    The  oacillatkma  are  tiiesefDR 

(323.)  In  order  to  compare  the  re-  isochronous,  that  is,  performed  in  cquil 

suits  of  two  sets  of  observations  on  times,  whether  the   arc  be  laige  or 

magnetic  intensity  in  different  parts  of  small,  like  those  of  a  pendulum ;  and 

the  world,  it  is  necessary  to  employ  the  are  governed  by  the  laws  above  stated 

same  needle  in  both  cases ;  since  the  as  applying  to  those  of  pendulums ;  and 

application  of  the  various  formulae  ne-  the  same  remark  applies  equally  to  the 

cessary  to  be  employed  for  comparing  oscillations  of  the  dipping-needle  per- 

the  action  of  the  same  force  on  two  di£  formed  in  the  plane  of  tne  magnetic  me- 

ferent  needles  would  be  attended  with  ridian. 

great  difficulty  and  uncertainty.  (325.)  When  the  position  of  the  axb 

(324.)  The  oscillations  of  the  com-  of  the  dipping-needle  is  changed,  so  that 
pass-needle,  which  moves  in  a  hori-  the  plane  m  which  the  needle  moves  is 
zontal  plane,  furnish  data  for  the  calcu-  no  longer  that  of  the  magnetic  me- 
lation  of  the  intensity  of  that  part  only  ridian,  though  stDl  vertical,  the  force  by 
of  the  terrestrial  force  which  acts  in  that  which  it  is  actuated  is  in  like  manner  to 
plane ;  whereas  those  of  the  dipping-  be  estimated  by  that  portion  of  the  ter- 
needle,  moving  on  a  horizontal  axis  and  restrial  force  which,  on  being  resolved, 
consequently  in  a  vertical  plane,  when  has  the  direction  of  that  ^ane;  that 
that  plane  coincides  with  the  magnetic  '  portion  which  is  perpendicular  to  the 
meridian,  indicate  the  full  amount  of  the  plane  being  of  no  efi^t 
force  of  the  terrestrial  magnetism  at  the  Let  the  circle  SANB,  J!g.  74,  repie- 
place  of  observation.  The  ratio  be-  sent  the  plane  of  the  motion  of  the 
tween  these  two  quantities  is  that  of  the  needle  SN;  NE  being  the  Une  of  dip, 
base  and  hypothenuse  of  a  right-angled  or  the  direction  of  the  terrestrial  forces, 
triangle,  inclined  at  an  angle  equal  to  The  force  represented  by  NE  may  be 
the  dip;  that  is  to  say,  the  intensity  of  resolved  into  the  two  forces  NV  and 
the  horizontal  force  is  to  the  intensity  NH,  the  one  perpendicular  to  the  ho- 
of the  whole  force  as  the  cosine  of  the  rizon,  imd  the  other  parallel  to  it.  Let 
angle  of  the  dip  is  to  the  radius.  Let  the  former  be  denoted  by  the  letter  r, 
BNf,/^.  73,  be  the  horizontal  needle;  and  the  la^tter  by  A;  ana  let  ui  call  the 
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Fig.  74. 


force  of  the  earth  e.  Let  S  be  the  angle 
of  the  dip  ENH,  and  d  the  complement 
of  that  angle,  or  ENV. 

Then  by  the  properties  of  the  triangles 
NVE.  orNEH.  wehave 

v=e  cos.  d;  and  h=e  sin.  d. 

(326.)  The  force  v,  being  vertical, 
acts  wholly  in  the  plane  of  the  needle's 
motion,  SANB ;  but  the  force  h  is  out 
of  that  plane,  and  must  be  decomposed 
into  two  others;  the  one,  HP,  perpiendi- 
cular  to  that  vertical  plane,  and  which  we 
shall  call  y;  the  other  NP,  which  we 
shall  call  x,  directed  horizontally  in 
that  plane.  The  angle  HNP  is  equal 
to  the  deviation  of  the  vertical  plane 
SANB  from  the  magnetic  meridian; 
let  us  call  this  angle  a. 

We  shall  thus  have 
f/=h  sin.  a ;  &nd  x=^h  cos.  a ; 
or,  substituting  for  h  its  value  as  ex- 
pressed in  the  former  equation,   and 
joining  the>  value  of  v,  we  have, 
v=e,  COS.  d, 
y=ef  sin.  </.  sin.  a- 
x—e,  sin.  d^  cos.  a* 

Of  these,  the  force  y  is  destroyed, 
being  resisted  by  the  axis  of  motion ; 
and  the  forces  v  and  x  are  those  only 
which  are  effective  in  giving  motion  to 
the  needle.  Let  R  express  the  re- 
sultant of  these  forces,  and  ^  the  angle 
which  it  makes  with  a  vertical  line.  We 
shall  have 

X 

and  tang.  0=  — » 

V 

or,  substituting  for  x  and  v  thdr  respec- 
tive values  as  above  found,   ^^ 

K=eeos.d  »J  I  +  tang.  *d,  cos.*a; 
tansr.  (p=tang.  (i,  cos.  a. 
(327.)  From  these  equations  many 


important  consequences   may  ht  de- 
rived. 

In  the  first  place  we  may  deduce,  that 
the  intensity  of  the  force  R  diminishes 
as  the  angle  a  increases ;  or  in  other 
words,  as  the  plane  of  motion  deviates 
more  from  that  of  the  magnetic  meri- 
dian. It  is  ^eatest  when  these  planes 
coincide,  bemg  then  equal  to  e;  it  is 
least  when  they  are  at  right  angles  to 
one  another,  for  then  a =90^,  and  cos. 
a =0,  whence 

R=e.  cos:d. 

(328.)  The  direction  of  the  resultant, 
and  consequently  the  position  into 
which  it  brings  the  needle,  also  vary 
in  the  different  azimuths  in  which  it  is 
placed.  In  proportion  as  the  angle  a 
mcreases,  the  cosine  of  that  angle  dimi- 
nishes ;  and  therefore  the  tangent  of  the 
angle  0,  which  expresses  the  an^le  the 
resultant  makes  with  a  verticsd  line, 
also  diminishes.  Hence,  in  proportion 
as  the  plane  of  motion  comes  nearer  to 
a  position  perpendicular  to  the  magnetic 
meridian,  Uie  position  of  the  needle  will 
approach  more  nearly  to  the  vertical 
position ;  and  it  is  exactly  vertical  when 
its  plane  of  motion  has  arrived  at  that 
situation.  This  has  been  already  no- 
ticed as  affording  a  method  of  deter- 
mining the  position  of  the  magnetic 
meridian,  independently  of  the  hori- 
zontal needle  (§313). 

(329.)  We  may  deduce  also  the  for- 
mula given  in  $  314,  from  the  foregoing 
equations ;  for  when  the  two  azimuths 
in  which  the    observations  are    made 
differ  l^  90  degrees,  the  tangents  of  0 
in  the  two  cases  will  be  respectively 
tang.  ^  =  tang,  d  cos.  a 
tang.  (^*  =  tang,  d  sin.  a. 
By  taking  the  squares  of  each  term  of 
these  equations,  and  adding  them,  we 
obtain 

tang,  •rf  =  tang.  V  +  tang.  *<p" ; 
which,  when  S,  }f  and  S"  express  the 
angles  of  the  dip,  or  the  complements 
of  d,  ©,  and  ^',  respectively,  become 
cot.«S  =  cot  «y +  00^5". 

(330.)  The  same  formula  is  derivable 
more  simply  from  the  following  consi- 
derations : — 

Let  XD,  fig,  75,  be  the  line  of  dip 
in  the  magnetic  meridian;  and  let 
XVFA,  XVGB,  be  the  two  vertical 
planes  at  right  angles  to  each  other. 
iVom  D,  draw  the  lines  DF  and  D6, 
perpendicular  to  these  planes ;  and  also 
FV  and  GV,  perpendicular  to  XV.  The 
lines  XF  and  X6  will  be  the  positions  of 
the  needles  in  these  planes^  %»^^xi^a^ 


■in.  )  : 


N* 


VT>  m  Ihe  laneents  of  Ihe  ntiples 
VXF,  VXG.  tnd  VXD.  resp«elively ; 
uid  in  the  rieht-anried  iHiinste  VDF. 

VD«-VF*-f  FD«; 
that  is     (FD  beine  =  VG) 

VD'=VF«+VCi': 
or    tang.  'VXD  =  tane.  •VXF+  Uiwr, 
■VXG;    which  is  the  fornmls  abort 

(331.1  On  Ihe  other  hand.  Ihe  deter- 
niinations  of  (he  relative  intensities  of 
the  magnetic  forces  in  different  planes 
furnish  dnia  for  the  computation  of  (he 
angles  \Tlitch  tho^e  planes  make  with 
the  hne  of  the  dip,  or  Ihe  direction  of 
lerrestrial  ma^nelisra.  Tims  Ihe  amount 
of  the  dip  may  he  determined  by  com- 
paring Ihe  number  of  oscillations  in  a 
pven  time  made  l)y  Ihe  same  needle, 
when  iribraling  in  the  plane  of  the  mae- 
nelic  meridian,  and  ako  in  a  vertical 
plane  at  rischt  angles  to  it.  For  the 
square*  of  these  nomtiers  tjcing  as  the 
intensities  df  the  forces  which  respec- 
tively act  in  these  planes,  and  llie  force 
in  the  former  case  heine  to  that  in  the 
latter  as  the  radius  to  the  cosine  of  the 
Bni;1e  d,  wliich  the  line  of  dip  makes 
with  a  vertical  line,  ve  olitain  the  latter 
by  a  simple  proportion  when  the  former 
are  pven.  Resumina;  the  notation  be- 
fore employed,  let  e  be  the  total  terres- 
trial force  actine:  in  the  plane  of  tha 
magnelic  meridian,  and  v  that  part  of 
it  which  acts  in  a  vertical  plane  at  right 
angles  to  the  magnelLC  meridian  ;  and 
let  N  and  n  express  the  number  of  os- 
Ijations.  in  a  ^iven  time,  which  the 
)ping-rjeedle  periormi  m  these  two 
mes  re»pectively :  tJ  =  e  cw.  i.  ot,  d 
tag  the  complemeal  ot  ^  '■ 


(332.)  We  ihall  give  the  foHowing 
example  of  the  application  of  these  for- 
mule  to  the  observations  of  magnetic 
intensity,  made  by  Humboldt,  near 
Quito,  exactly  at  the  terrestrial  Equa- 
tor, and  at  longitude  Bl°  2'  west  bom 
Paris.  Thenumber  of  □sdUabousinade 
by  the  dipping-needle  vibrating  in  the 
magnetic  meridian,  during  ten  miDulei, 
was  220 ;  the  number  of  osdUatioDi, 
made  in  the  lame  time,  when  it  ribralcd 
in  a  plane  petpendiculer  to  it,  sru  IM. 
Substituting  these  numbers  in  the  for 
mula  for  N  and  n  respectirely,  m  ^ 


tain 

109*    _    118B1 
22U«   ~   48400 
Fromlog.  11881   =4.0746530 

Subtract  log.    48400  =  4. 68484 M 
there  remains  log.  sin.  S  =^  9J9Doe7C 

whence  we  Ret  S  =  14°  12'  35". 
The  direct  observation  of  the  dip,  by 
the  dipping  needle,  was 

S  =  14^  25'  S", 
the  difference  between  the  two  method* 
being  onlv  12'  30'', 

(333,)  the  anele  of  the  dip  with  Ihe 
horizon  may,  in  like  manner,  be  ob- 
tained by  comparing  the  relative  inten- 
sities of  the  forces,  as  determined  by  Ihe 
squares  of  the  number  of  oscillations  in 
a  given  time,executed  in  the  plane  of  the 
magnetic  meridian,  and  also  in  a  hon- 
zontftl  plane :  for  they  are  in  the  pro- 
portion of  the  radius  1o  the  coiine  of 
the  dip;  or.  if  we  call  the  number  d 
oscillations  made  by  the  horiiontil  net- 
die  V.  while  N  is  that  made  by  the  same 
needle,  suspended  as  a  dipping-needle, 
and  placed  in  the  plane  of  the  migDetic 
raeridian ;  then 


(334.)  TiTethods  have  been  deviwd 
for  determining  the  dip,  from  the  result 
of  observations  made  with  Ihe  horiion- 
ta!  needle  alone,  by  comparing  its  num- 
ber of  oscillations  wim  the  "weight  of 
the  counterpoise  necessi^  for  mainliio- 
TO^  ■*.  v\  •CoE  VrfatnA^txositioQ  when 
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of  computation  are  nitieh  more  compli*  bar  was  replaced  m  the  stirmp/and  iti 

cated  than  those  we  have  given ;  and  horizontality  ascertained  by  its  accord- 

we  must  therefore  refer  our  readers  for  ance  with  the  circle,  the  degree  to  which 

the  details  to  Blot's  Traits  de  Physique*,  it  settled  being  registered  as  the  zero. 

(335.)  The  determination  of  the  in-  It  was  then  drawn  about  fort^  degrees 
tensity  of  terrestrial  magnetism  may,  in  out  of  the  meridian,  and  retained  by  a 
genera],  be  made  with  much  greater  eopper  wire  passing  through  the  glass 
accuracy,  by  observing  the  oscillations  top,  and  capable  of  being  moved  in  azi<- 
of  a  needle  moving  horizontally,  than  muth  from  its  outside,  and  of  being 
in  any  other  way :  because  the  mode  of  raised  so  as  to  release  the  needle  at 
suspension  we  can  employ  for  obtaining  pleasure,  in  order  to  commence  its  ea- 
rn horizontal  motion  is  much  more  deli-  dilations.  These  were  not  noticed  until 
cate,  and  much  less  impeded  by  friction,  the  arc  had  diminished  to  thirty  degrees, 
than  any  other  motion  on  a  fixed  axis  when  the  recristr}'  of  them  commenced, 
can  be.  The  greater  duration  also  of  and  was  repeated  at  the  close  of  every 
the  period  through  which  the  oscilla-  tenth  vibration,  until  the  arc  had  still 
tions  continue  enables  us  to  ascertain  further  diminished  to  ten  decrees,  when 
with  greater  exactness  the  average  time  the  experiment  was  concluded.  The 
of  the  vibration.  Hence  a  silken  sus-  box  was  usually  placed  on  the  ground, 
pension  is  much  to  be  preferred  for  in  a  sheltered  situation,  far  from  build- 
delicate  experiments  with  horizontal  ings,  or  other  sources  of  local  inter- 
needles,  to  that  of  balancmg  them  on  ference  ;  the  only  adjustment  required, 
a  point  by  an  agate  cup.  besides  that  of  the  silk  thread,  was  to 

(336.)  The  following  description  of  render  the  graduated  circle  horizontal, 
the  apparatus  used  by  Captain  Sabine,  which  was  accomplished  bv  a  pocket 
in  the  voyages  to  the  arctic  regions  in  spirit  level,  and  wooden  wedges  placed 
the  year  18i22  and  1823,  may  furnish  beneath  the  box. 
valuable  practical  information  to  those  (377.)  Six  bars  were  used  in  this  ap- 
who  may  hereafter  conduct  experiments  paratus,  differing  from  each  other  con- 
of  the  same  nature  t.  A  mahogany  siderably,  both  in  rapidity  of  vibration, 
box  was  provided,  made,  for  convenience,  and  in  the  duration  of  the  interval  of 
of  an  octagonal  shape,  with  a  top  of  Qscillation  between  thirty  and  ten  de- 
stout  glass ;  its  height  was  fifteen  grees.  They  were  seven  inches  lon^,  a 
inches,  and  its  diameter  sufficient  to  Quarter  of  an  inch  broad,  0.15  inches 
allow  a  horizontal  bar  of  seven  inches  thick,  and  strongly  magnetized.  When 
in  length  to  vibrate  freely  when  sus-  not  in  use,  they  were  kept  in  pairs,  in 

Eended  by  a  silk  line  passing  through  a  the  usual  manner,  as  described  in  }  218, 
rass  button,  inserted  in  a  perforation  fig*  60,  being  combined,  with  their  op- 
in  the  middle  of  the  glass  top.  A  metal  posite  poles  united,  in  separate  boxes ; 
circle,  fixed  in  the  bottom  of  the  box,  and  each  bar  was  placed  by  itself  in  the 
of  rather  more  than  seven  inches  dia-  direction  of  the-  meridian  for  two  or 
meter,  measured  the  arc  of  vibra-  three  hours  before  its  time  of  vibration 
tion.  The  bar  was  carried  in  a  light  was  ascertained.  The  times  were  re- 
stirrup,  into  which  it  was  slid  until  cor-  gistered  to  fractional  parts  of  a  second 
rectly  balanced.  The  silk  thread,  from  by  the  beats  of  a  chronometer,  having 
which  the  stirrup  was  suspended,  was  a  rate  inappreciable  in  the  interval, 
fifteen  inches  long,  and  consisted  of  a  (338.)  It  should  be  observed,  how- 
sufficient  number  of  silk  fibres  to  sus-  ever,  that  comparative  experiments  on 
tain  the  weight  In  order  to  remove  magnetic  intensities,  made  by  the  oscil- 
all  influence  from  the  tendency  in  the  lations  of  needles  balanced  horizontally, 
Bilk  to  untwist,  a  brass  bar,  equal  in  are  hable  to  a  source  of  error  when 
weight  to  the  magnetic  bar,  was  first  they  are  made  in  places  in  which  the 
introduced  into  the  stirrup  in  place  of  dip  is  considerabl^r  different  For  one 
the  latter,  and  the  silk  thread  allowed  to  of  the  poles  having  a  tendency  to  in- 
untwist  itself,  and  then  adjusted  by  cline  below  the  horizon,  the  axis  of 
turning  the  button  in  such  a  manner  as  suspension  must,  in  order  to  compen. 
that  the  brass  substitute  should  settle,  sate  for  this  tendency,  pass  through  a 
when  at  rest,  in  the  magnetk)  direction,  point  on  that  side  of  the  centre  of  gra- 
This  being  now  removed,  the  magnetic  vity,  so  as  to  give  an  equal  prepon- 

— — — rj — -^ derance  to  the  other  side,    ilence  arisea 

i  lJS*»lV<f  Stri.^    i.4.NmiM  lk.fi(i»«  a  difference  between  iVv^  Vii^  %rn.'^  c\ 

of  tb«  earth,  p.  477.  the  ktO.  iM  «»liaMfM!aXV|  %^  ^aSSS^^ 
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in  the  efiPect  of  the  force  applied  to  by  these  \on^  intenrals  of  time,  it  would 

them.    This  circumstance  has  escaped  probably  be  necessary   to   mafrnetize 

the  attention  of  the  most  skilful  ob-  them  afresh,  employing:  for  that  purpose 

servers,  althouji:h  it  is  of  sufficient  im-  the  most  efficacious  methods,  so  as  to 

portance  to  destroy  all  confidence  in  the  induce  a  degree  of  maipietiam  which 

comparison  of  experiments   made  in  shall  at  first  be  considerably  greater 

places  where  the  dip  is  very  different  *.  than  what  they  are  capable  of  retaining 

(339.)  We  have  seen  the  method  by  permanently.    When  left  for  a  certain 

which  the  amount  of  the  dip  may  be  time  to  themselves,  they  will  then  return 

determined  from  the  comparative  inten-  to  their  natural  state  of  saturation,  and 

sities  of  ma^^netic  force  in  the  plane  of  in  this  state  thejr  may  be  subjected  to 

the  magnetic  meridian,  and  in  the  hori-  the  experiments  in  question.    Our  as- 

zont^  plane.    It  is  easy  to  see  how,  by  surance  of  their  attaming  tins  determi- 

reversing  the  process,  we  may  arrive  at  nate  degree  of  ma^etism  may  be  in- 

the  knowledge  of  the  force  of  terrestrial  creased  by  preservmg  a  gjreat  number 

magnetism  in  the  magnetic  meridian,  of  needles,  brought  to  tms  State,  and 

from  observations  of  the  intensit)^  in  the  noting  their  respective  powers ;  which 

horizontal  plane,  when  the  dip  is  pre-  records  may  afterwards  be  compaied 

viously  known ;  for  we   have  only  to  with  similar  observations   made  at  a 

augment  the  former  in  the  proportion  future  period ;  for  if  they  should  be 

of  the  cosine  of  the  dip  to  the  radius :  found  to  have  preserved  among  each 

or,  what  comes  to  the  same  thing,  to  other  the  same  relative  degree  of  stren^s^ 

multiply  it  by  the  secant  of  the  dip.  we  may  confidently  conclude  that  no 

For  smee  alteration  has  taken  place  in  their  mac- 

J  =  ^ = A  •  "*^*®  constitution,  and  that  they  are  w3l 

N«     0  '  adapted  to  the  determination  c^  the  ab- 

it  follows  that  solute  force  of  terrestrial  magnetism. 

_    h     _  ^         ^  (343.)  If   a  method  could  be  di»- 

«=— -jT  -  ^  sec.  J  covered  of  obtaining  a  material  for  the 

.    .  rr«         ,?    1     r       11*  makiug  of  magHcts  of  pcrfcctly  uniform 

(340.)  The  method  of  oscdlations  is  composition  Tnd  qualilSes,  there  would 

not  the  only  mode  of  determining  the  ^e  no  necessity  to  employ  in  this  com- 

mtensity  of  ma-ndic   forces ;  for  the  ^^[^^j^  the  same  identical  magnets  at 

same  object  may  be  attained  by  employ-  ^^^  ^^^^^^^  ^imes  of  obser>'ation.     Steel 

ing  the  balance  of  torsion  :  but  m  ^^ene-  ^^^^  evidently  be  unfit  for  the  purpose, 

ral  the  former  method  is.  on  many  ac-  -^^^  composition  beimr  necessarily  varia- 

counts.  preferab  e  ^,1^     Nothing  would  answer  so  weU  as 

(341.)  It  would  conduce  much  to  the  ^^^  ^^^^^  ^^^-^^^  ^^^^  ^^  obtained  m 

future  advancement  of  the  science  of  ^  ^j^^e  of  perfect  purity  by  proper  che- 

Magnetism,  if  the  absolute  intensity  of  ^-^^  processes;   for  Coulomb    found 

the  terrestrial  magnetic  forces  cou  d  be  ^^^^             j^^^  however  soft,  may  be 

asceriamed  by  a  standard  equally  deter-  rendered  nearly  as  retentive  of  magnet- 

minate  as  those  by  which  we  estimate  ^^^  ^  ^^^^^  by  merely  twisting  it     All 

the  atmospher^  pressure,  or  the  tern-  ^hat  would  then  l>e  necessarv,  would  be 

perature  of  different  climates ;  for  by  ^^         j^^^  ^^^^  ^           ^^  ^^.-^^^  ^^  ^j^^ 

repeating  the  same  process  of  obserya-  ^^  ^-^^^  ^  constantly  the  same  for  dif- 

tion.mthecourseofsuccessivecenturies,  ferent  pieces  of  iron:  this  mi^jht  easily 

we  might  learn  whether  the  intensity  be  accompH shed,  by  taking  them  exacUy 

of  these  forces  experienced  any  variaUon  ^^  ^^^^  ^^^^  dimensions,  and  measuring 

similar  to  what  we  know  takes  place  ^^  ^^^^^  ^^  ^^^^  -^  ^j^^  ^^-^^    .^^^ 

"\,!J,\  1?1        \u  ^     u- u  «    *  to  them.    Each  of  the  bars  might  then 

(342 )  The  method  which  first  sug-  ^  magnetized  to  saturation,  ^d  em- 

gests   Itself,  would  be  to  observe  the  ployed  either  separately  or  in  defined 

variation    he  dip.  and  the  intensity,  by  Combinations,  and  their  magnetic  forces 

means  of  three  needles,  respectively  ap-  examined,  both  by  the  torsion  balance, 

propnated  to  these  objects,  and  carelully  ^^^  ^   ^^^  ^^^j^^^  ^^  oscillations*, 

preserved,  with  a  view  to  a  repetition  of  3^^  ^  p^^^^^^  j^.^  ^^  attempted  to 

the  same  experiments  at  distant  periods  ^^^j^^  ^^-^       ^^j^^  ^    consideretions 

of  time.    As  It  IS  possible  that  their  of  a  mathematical  nature,  for  which  we 

magnetic  power  may  become  impaired  ^^^^  ^^^^  ^^  ^j^  ^^^^^^^  ^^  ^^  ^ 

•  PooilM,  £l«inei»  d«  Pbyiw\u«ltxpenm«ttiale  ^  ^      ^    ^  ,   r*^    . 

tam,  i.  p.  iSX  ^\^\\t%\y^  iA  PhYuqiM.  torn.  11^  y,  144. 
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Academy  of  Sciences  at  Paris,  in  Nov.  found  means  to  make  ten  experiments 

1825,  and  of  which  an  accoimt  is  con-  in  the  course  of  the  voyage,  and  at  dif- 

tamed  in  Pouillers  El^mens  de  Phy-  ferent  altitudes.    The  conchision  they 

siquc*.  deduced  from  the  average  of  all  their 

.  -     « .  ^.      w        ^.  observations  is,  that  the  maimetic  force 

*  FnJn^'TJ^^  "^Ju'  ^I'^^  experiences  no  appreciable  diminution 

friT  r  ''^M'"'^^  ^/"^^  "^^  at  any  di^ance  fi^m  the  surface  of  the 

the  i^urface  qf  the  Earth.  earth,  as  far  as  4000  metres,  or  13,124 

(345.)  In  the  year  1804,  Messrs.  Gay-  fe«t- 
Lussac  and  Biot  undertook,  at  the  de-       (346.)  Many  important  facts  relating 

sire  of  the  FVench  government,  an  aero-  t<>  this  question  have  lately  l)een  estab- 

static  voyage,  expressly  for  the  purpose  listed  by  M.  Kupffer,  in  the  course  of 

of  ascertaining  whether  the  magnetic  a  journey  to  the  neighbourhood    of 

force  experiences  any  perceptible  dimi-  Mount  Elbrouz,  in  the  Caucasus,  under- 

nution  at  considerable  elevations  above  taken  by  order  of  the  Emperor  of  Rus- 

the  surface  of  the  earth.    De  Saussure  "la,  in  the  year  1829,  and  of  which  an 

had  inferred,  from  some  experiments  account  has  t>een  given  in  a  paper  pub- 

which  he  made  on  the  Col  du  G^ant,  li>hed  in  the  Memoirs  of  the  Imperial 

near  Mont  Blanc,  the  h^ht  of  which  Academy  ofSciences  of  St.  Petersburgh*. 

is  3435  metres  (about  1 1 ,270  feet),  that  M.  Kupfferfound  that  the  intensity  of  ter- 

the  magnetic  force  of  the  earth  was  re-  restrial  magnetism  really  decreased  as  he 

duced  to  four-fifths  of  what  it  was  in  the  i^*®  above  the  level  of  the  sea ;  and  that 

plains    below.     The   instrument  with  this  decrease  was  much  more  considerable 

which  he  made  these  experiments  was  than  is  conformable  with  the  commonly 

simply  a  magnetic  needle,  suspended  by  received  hypothesis  of  a  focus  of  mag- 

a  very  fine  silk  thread.    Messrs.  Gkiy-  netic  forces  situated  at  the  centre  of  the 

Lussac  and  Biot  carried  with  them  a  globe.    He  even  thinks  that  the  experi- 

needle,  carefidly  constructed  by  Fortin,  ments  of  Gay-Lussac  and  Biot,  in  the 

-  and  maipietizea  by  Coidomb^  according  voyage  just  mentioned,  should  have  led  to 

to  ^pinus's   process.     No  iron  vras  the  same  conclusion,  because,  although 

allowed  to  enter  into  the  construction  they  could   not   detect  any  difierence 

of  the  car  of  the  balloon ;  the  only  arti-  ui  the  apparent  intensity,  yet  since  the 

cles  of  iron  they  carried  with  them,  were  temperature  of  the  elevated  regions  of 

a  few  knives  and  a  pair  of  scissors,  the  atmosphere  in  which  they  made  their 

whichwere  suspended  ma  basket  below  observations  is  exceedingly  low,  it  is 

the  car,  at  a  distance  of  from  twenty-five  probable  that  the  magnetic  power  of 

to  thirty  feet,  so  that  they  could  have  the  needle  itself  was  greater  than  in  the 

no  sensible  influence  on  tne  magnetic  warmer  atmosphere  at  the  surface  of 

needle.    The  continual  rotation  of  the  the  earth ;  so  that,  unless  the  terrestrial 

balloon  on  its  axis,  during  its  ascent,  ^orce  had  really  diminished,  an  increase 

seemed  at  first  to  present  an  insupera-  of  magnetic  intensity  would  have  been 

ble  obstacle  to  their  observing  the  oscil-  apparent,  and  would  have  been  indicated 

lations  of  the  needle.    But,  by  bringmg  ty  the  increased  frequency  of  the  vibra- 

themsdves  in  a  line  with  terrestrial  ob-  tions  in  a  given  time.    As  this  increased 

jects  and  the  sides  of  the  clouds,  they  frequency  was    not  observed  to  take 

perceived  that  they  did  not  always  turn  place,  M.  Kupfier  concludes  that  the 

round  in  the  same  direction,  the  rotatory  force  of'terrestrial  magnetism  is,  in  fact, 

motion  gradually  decreasing,  and  then  less  at  the  height  to  which  they  had 

taking  place  in  a  contrary  direction.  By  reached,  than  it  is  at  the  surHeuse  of  the  • 

watching   the    short  intervals    during  earth.     It  is    certain  that,  in  all  ex- 

which  they  remained  stationary  between  periments  of  this  kind,  the  temperature 

these  opposite  motions,  they  were  ena«  should  be  accurately  noted^  as  consti- 

bled  to  observe  five,  or  at   most  ten  tuting  an  essential  element  in  the  rea- 

oscillations  at  a  time ;  they  were  obliged,  sonings  to  be  founded  on  them  t. 
however,  to  be  very  careful  not  to  agi-  Chaptkr  VII. 

tate  the  car,  for  the  slightest  motion,  i^  ,jl.  a«u-^^#.-.^  ^z-  dA,-^.  ^jl^^  ..^ 

«uch  as  that  produced  byletting  the  gai  ^  '^^  ^S^  r!^lw  "^  ^^  "^ 
escape,  or  evVn  that  of  the  hand  in  wnt-       ,,,, ,  ,J^^  ferruginous. 

ing,was  sufficient  to  turn  the  balloon  ^  (347.)  It  has  long  been  suspected  that 

•Sde.     With   all   these   precautions,  besides  uron,  other  metalhc  substaaMsft^ 
whidi  required  a  great  deal  of  time,  they      «  7ori8aiKp.«i. 
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are  capable  of  exhibiting:  Diabetic  phe-  its  being  entirely  void  of  magnetism  ^ 
nomena.    Nickel,  and  also  cobalt,  have  We  have  seen,  in  the  case  of  brass,  thai 
occasionally  been  found  obedient  to  the  two  ingredients,  which   in  themselves, 
action  of  the  masniet ;  and  sometimes  to  when  separate,  are  devoid  of  magnetic 
possess  considerable  de^n'ees  of  polarity,  susceptibility,  acquire  that  property  by 
Brass,  which  is  a  compound  of  copper  combmation.    Mr.  Hatchet  ascertuntd 
and  zinc,  has  likewise  been  observed  to  that  a  lar^  proportion  of  either  carbon, 
be   magnetic    under    certain    circum-  sulphur,  or  phosphorus,  combined  irith 
stances,  especially  after  it  has  been  ham-  iron,  enables  it  fully  to  receive  and  to 
mered.    Cavallo    states  *  that,    when  retain  the  ma^etic  properties :  but  (bit 
quite  soft,  brass  has  generally  no  per-  there  is  a  limit  beyond  which  an  excesi 
ceptible  dej^ree  of  magnetism ;  and  even  of  either  of  these  substances  renders  the 
those  pieces  which  have  acquired  this  compound  totally  insusceptible  of  mag- 
property  by  hammering,  again  lose  it  by  netism  t.    On  the  other  luud,  instances 
annealing;  or  softening:  in  the  fire.    He  occur  where  the  admixture  of  the  mi- 
seems  to  have  ascertained  that  the  mag-  nutest  quantity  of   anotlier  body  will 
netism  acc^uired  in  the  former  state*  is  entirely  destroy  the  magnetic  power  of 
not  owing  to  any  particles  of  iron  or  a  metal  possessing  that  power  whoi  in 
steol  im])arted  to  the  brass  by  the  tools  a  pure  state.    Mr.  Cheneviz  found  that 
employed  in  the  hammering;  and  that  the  addition  of  arsenic,  in  veiy  mull 
those  pieces  of  brass  which  have  that  proportion,  deprived  a  mass  of  nickel, 
property  retain  it  without  any  diminu-  which  had  previouslv  manifested  strong 
tion  after  having  been  hardened  and  masmetic  power,  of  the  whole  of  its  mag- 
softened  several  times  in  succession.    If  netism  {.    Dr.  Matthew  Young  states 
one  Liid  only  of  a  large  piece  of  brass  be  that  the  smallest  admixture  of  antimony 
hanmiored,  that  end  alone  is  rendered  is  sufficient  to  destroy  the  polarity  <n 
mairnetic.    He  found,  however,  that  the  iron  $. 

matrnetic  power  which  brass  acquires  by  (350.)  In  the  mineral  kingdom  a  gnat 

hammering  has  a  certain  limit,  beyond  variety  of  substances,  and  even  some  of 

which  it  cannot  be  increased  by  further  the  precious  stones,  as  the  emerald,  the 

hammering;  and  that  this  Hmit  is  dif-  niby,  and  the  garnet,  exert  a  feeble  yet 

ferent   in  pieces  of  brass  of  different  sensible    attiaction    on    tlie    magnttie 

qualify  or  thicixness.  needle ;  and  sometimes  even  acquire  a 

(;MS.)  Cavallo  next  examined  various  slight  degree  of  polarity  jj. 

pii'ccs  of  copper  by  means  of  a  delicately  (35 1 .)  Later  inquiries  appear  to  have 

su>ptTided  nivdlc ;  but  never  found  them  established  the  fact  that  all  bodies  wiiat- 

nias;ncticai,  except  occasionally  in  those  soever  are,  in  a  greati-r  or  less  dei,Teo, 

parts  v.'liere  a  file  had  been  applied,  and  susceptible  of  magnetism.     We  owe  tliis 

wlu're,  consequently,  some  particles  of  discovery  to  Coulomb,  who  exhibit  oil  his 

steel,  di^t  ached  from  the  file,  may  have  experiments  in  proof  of  it  at  a  sittins  of 

adhered  to  the  copper.    On  hammering  the  French   Institute,  in   IfeO'J.     Tiie 

other  pieces,  both  in  the  usual  way,  and  bodies  examined  were  cut  into  sma!! 

also  between  flints,  he  failed  in  obtain-  cylinders,  or  bars,  about  a  third  of  an 

insr  any  decisive  result.    Zinc,  whether  inch  in  lentrlh,  and  about  the  thirtivth 

hammered  or  not,  showed  no  sign  of  of  an  inch  in  thickness:  but  those  which 

mairnetism  whatever.  PI  at  ina  was  found  were  metallic  were  formed  inionctdit' 

to  po'isess  a  deirree  of  magnetic  power  of  about  the  hundredth  of  an  inch  ia 

nearly  equal  to  that  of  brass.  diameter.    Each  of  these  cylinders  w;is 

(349.)  The  magnetic  power  of  brass  suspended  by  a  thread  of  ra\v  silk,  ^hich, 

is  sometimes  so  considei-able  as  to  in-  being  exceedingly  fine,  could  scarcely 

terfere  very  sensibly  with  the  movements  support  more  than  from   100  to  I5i 

of  the  needle  in  compasses,  in  the  con-  grains  without  breaking:  on  this  ac- 

struction  of  which  brass  is  employed,  count  it  was  necessary  to  reduce  the 

A  remarkable  instance  of  this  is  given  needles  to  very  small  dimensions.   Thty 

by  Mr.  Piarlowf.    Seebeck  has  recom-  were  placed,  when  thus  suspended,  k- 

mended  an  alloy  of  two  parts  copper  tween  the  opposite  poles  of  two  steel 

\\i<\\  one  of  nickel,  as  admirably  adapted ; 

f.  r  the  mamifacture  of  compasses,  from  T  ^5'°'*^^ ?r  ^,^'r"*"'''  ^?**' ,    ,^. 

J  Nichob«n'K  Journal,  8vo.  vol.  ill.  p.  ii?7. 

*   l'lii...>o|»lM<'.il  Tmns-irtionslbr  1786,  p.  fiS;  and  ^    |  Sfelieok  Uikcovi-rfcl  that  an  alln)- of  ure  p«f^ 

flix)  it,  lii»  1  rr';iti>p  on  M.iiK.\fUsvn.  iron  with  foor  parts  of  antiuioiiv  «eTci«tJ  no^^tr 

f  A'.«.av  on  MuKnelic  AtlrucUOtt*,  tetoti^  tAJ^^w,  w«v\«mH^4Wivft^*«dto,  wn  whea  la  umuim. 
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tt,  arrancred  in  the  sume  line,  and  mairnetie  action  of  all  snbstances  misfltt 

ed  at)0\it  a  quarter  of  an  inch  safely  be  taken  as  a  criterion  of  the  pro- 

lian  the  lene:ih  of  the  needle  that  portion  of  iron  they  contain, 
oscillate  between  them.    What-        (353.)  On  the  other  hand,  the  indi- 

was  the  sul)stance  of  which  the  cations  of  magnetic    power  given    by 

I  were  formed,  they  always  ranged  nickel  and  by  cobalt  are  far  too  con- 

Ives  accurately  in  the  direction  of  siderable  to  be  accounted  for  by  the 

gnets ;  and  if  disturbed  from  this  aj^ency  of  any  ferruginous  admixture, 

n,  returned  to  it  with  oscillations,  Biot  was  in  possession  of  a  needle  made 

were  often  as  frequent  as  thirty  of  nickel,  which  Thenard  had  exerted 

re  in  a  minute,  and  considerably  all  his  chemical  skill  in  rendering  as 

frequent  than  when  the  magnets  pure  as  possible :  the  directive  force  of 

emoved :  thus  indicating  a  Tery  this  neeole,  when  magnetized,  was  not 

I   force   of  attraction.    Needles  less  than  one-third  of  a  similar  needle 

of  tin,  lead,  copper,  silver,  and  made  of  steel  *.    Now  the  proportion  of 

nd  cylinders  of  glass,  chalk,  bone,  iron  which,  if  added  to  the  nickel,  would 

fferent  sorts  of   wood,   together  be  required  to  im{)art  an  equal  degree  of 

.  gneat  variety  of  other  organic  magnetic  power,  is  far  beyond  what  can 

ices,  both  animal  and  vegetable,  everreasonabl]^  be  supposed  to  enter  in- 

ried  in  succession,  and  with  the  to  the  composition  of  nickel  so  purified.  It 

esult.  is  certainly  just  possible  that  nickel  may 

«  experiments  were  repeated  in  be  a  compound  metal,  containing  iron 

id,  by  Dr.  Young,  at  the  Royal  as  one  of  its  ingredients ;  but  we  are  not 

tion,  but  with  less  decided  sue-  justified  in  admitting  an  explanation  so 

he  force  of  attraction  indicated  extremely   hypothetical,    especially    as 

ttimated  at  rather  less  than  the  there  are  other  facts  besides  those  above 

jusandth  part  of  the  weight  of  the  mentioned,  which  tend  strongly  to  cor- 

ice  employed.  roborate  the  universality  of  magnetism. 

.)  There  are  but  two  ways  of  ex-  Of  this  nature  are  the  evidences  of  an 

g   these  phenomena :    they    are  influence  exerted  by  bodies  not  reputed 

owing  to  the  presence  of  minute  magnetic,  in  controlling  the  oscillations 

ies  of  iron  entering  into  the  com-  of  a  magnetic  needle  placed  in  their  im- 

n  of  all  the  Ixxlies  which  manifest  mediate  vicinity ;  and  also  the  pheno- 

tic  properties,  or  else  they  war-  mena  of  the  mutual  influence  exerted 

le  inference  that  all  these  bodies  between  these  bodies  and  magnets,  when 

t  a  certain  degree  of    inherent  the  one  is  revolving  rapidly,  in  exciting 

tism.    If  the  former  mode  of  ex-  sympathetic  rotation  in  the  other.  These 

on  be  the  true  one,  we  shall  be  veiy  curious   phenomena  will   be  de- 

to  admit  that  iron  may  exist  in  schbed  in  the  ensuing  chapter. 
,  in  quantities  so  minute  as  to 

letection  by  the  severest  chemical  Chapter  VII I. 

lation,  and  yet   have    sufficient  On  the  Magnetism  qf  Rotation. 

to  be  sensibly  affected  by  a  mag-  ,„, .  .  ^  v  u*  i_      ^  a  ^ 

A  set  of   very  delicate  experi-  (354.)  Considerable  light  has  lately 

was    undertaken   by  Coulomb  been  thrown  upon  the  question  of  the 

view  to  determine  this  point :  in  universality  of  magnetism,  by  the  dis- 

urse  of  which  he  satisfied  himself,  covery  of  the  unexpected  efiects  which 

smaller  quantity  of  iron  than  can  ^^^^^  /«>°*  *^«  'fu^'^'i'^v  ^'^^^'^^  ""^ 

covered  by  any  chemical  test  yet  JJ^S^^^    TV^^'^''    bodies,    when 

,will,whenadaedtoabody,impirt  the  one  or  the  other  is  maintained  m  a 

iver; decided  magnetic  8uscq)ti-  f »♦«  ^^  '^^^  't^^^T*!,^"  J^^  \^f 

This  is  the  ci^  when  a  metal  ^f  4  M.  Arago  showed  that  if  a  plate 

IS  only  the  130,000th  part  of  its  ^\  «>RP«^'  ^^  ^f  ?"/  «*^«'  substance,  be 

of  iron.    The  magneHc  powers  of  placeJ  immediately  under  a  magnetic 

nt  specimens  of  mTtals  were  found  ?««"«» it  exerts  sufficient  influence  upon 

ffer  materially  according  to  the  its  movements  to  diminish  sensibly  the 

ds  employed  for  their  purification,  extent  of  its  oscillations,  without,  how- 

he  concluded  that  the  greater  ever,  afectmg  their  duration ;  and  the 

f  not  the  whole,  of  the  effect  ob-  ^^^^^  «  brought  to  rest  m  a  shorter 

,  is  to  be  ascribedto  the  p»»ence  ^^  ^^^^  happened  when  no  such  auV 

8o  confident  was  heof  the  truth  »^««  «  P^*^«^  ^'^^  ^^-    ^^  ^^^ 


i  theory,  that  he  imagined  the  •Tvmttd»F^t<»v>^^»i>^^«>-^^^* 
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verse  of  this  experiment  was  attended  Tertinf^  the  motion  of  the  shell,  an  cooi 
vrith  still  more  striking:  effects.  When  and  contrary  deflection  took  place,  h 
a  plate  of  copper,  for  example,  is  made  although  numerous  trials  were  midi 
to  revolve  with  a  certain  velocity  under  under  various  circumstances,  the  lair  a 
a  magnetic  needle,  supported  on  its  the  phenomena  could  not  be  dedoMi 
centre,  and  contained  in  a  vessel  closed  until  the  influence  of  the  earth's  aeliN 
on  all  sides,  the  needle  is  found  to  de-  had  been  neutralized  by  means  of  otha 
viate  from  its  natiu^  position  in  the  magnets  perfectly  adjusted.  All  theaoA' 
magnetic  meridian;  and  the  deviation  mahes  l)e  fore  met  with  now  dis^ipemt 
is  greater  in  proportion  as  the  rotation  and  the  following  law  was  rendmd  in- 
of  the  plate  is  more  rapkL  If  the  ra-  nifest  When  the  needle  and  ball  in 
pidity  of  revolution  be  sufficiently  great,  both  in  the  same  horizontal  pUne, 
the  needle  will  be  brought  to  revolve  whatever  may  be  the  direction  of  thi 
also,  and  always  in  the  same  direction  axis  of  rotation  of  the  ball,  if  its  mo- 
in  which  the  plate  is  made  to  re-  tion  at  its  upper  part  be  made  towards 
Yolve  *.  The  experiment  was  varied  in  the  needle,  the  north  pole  of  the  kto 
the  following  manner : — A  circular  plate  will  be  attracted  ;  and  if  the  contmy 
of  copper,  balanced  on  a  point  at  its  way,  repelled.  Hence  he  condiidei 
centre,  was  placed  immediately  under  a  that  when  an  iron  body  is  put  in  rafA 
strong  magnet,  to  which  a  rapid  rota-  rotation  on  any  line  not  comciding  wA 
tory  motion  was  given ;  the  copper-  its  magnetic  axis,  a  temporaiy  denog»- 
plate  soon  began  to  turn  in  the  same  ment  takes  place  in  its  ma^eticpowoi, 
direction,  and  acquired  by  degrees  a  equivalent  in  effect  to  the  mfluenoe  oft 
very  rapid  velocity  of  revolution.  It  new  axis  of  polarization,  perpendiealir 
was  found,  also,  that  the  oscillations  of  to  the  planes  passing  tluougn  its  ans 
a  copper-plate  in  a  vertical  plane,  when  of  rotation  and  of  ordinary  polariatioa. 
suspended  by  an  axis  which  passed  at  a  (356.)  The  next  series  of  expeTimeots 
small  distance  from  its  centre  of  gra-  on  this  subject  are  those  of  Mr.  Chrif- 
vity,  were  much  impeded,  and  soon  de-  tie*,  who  ascertained  that  a  plate  which, 
stroyed,  when  the  plate  was  inserted  be-  in  a  given  position,  produced  a  ootaii 
tween  the  two  ]X>les  of  a  very  powerful  deviation  of  the  compass,  no  longer  pro- 
horse- shoe  mai^net.  M.  .Aragowas  of  duced  the  same  deviation,  after  it  had 
opinion  that  these  phenomena  are  inex-  been  carried  round  one  entire  re\'olution 
plicable  upon  principles  of  ordinary  in  its  own  plane,  although  brought  to 
ma^nietism,  and  considered  them  as  the  rest,  and  every  part  of  the  apparatus  re- 
effects  of  some  hitherto  unknown  power  stored  to  its  former  place.  This  change 
in  nature.  But  subsequent  inquiry  in  the  directive  power  of  the  plate,  pro- 
seems  to  render  it  probable,  that  they  duced  by  rotation,  was  greatest  when  its 
are  all  reducible  to  the  operation  of  plane  was  parallel  to  the  line  of  dip,  and 
known  laws  of  magnetism.  at  the  same  time  as  little  inclined  to  the 

(355.)  Mr.  Christie  having  observed    horizon  as  this  condition  would  allow; 
a  permanent  chan^  in  the  magnetism    or,  in  other  words,  when  the  axis  of  ro- 
of an  iron  plate  m  consequence  of  a    tation  was  in  the  plane  of  the  magnetic 
mere  change  of  position  on  its  axis,  it    equator,  and  also  in  a  vertical  plane, 
occurred    to    Mr.    Barlow    that    this    that  is.  in  the  magnetic  meridian.  Hrnce 
change  would  be  increased  by  rapid    he  deduced  a  law  which  may  be  thus 
rotation.    But  on  trial  this  was  found    expressed :  —  If  we    conceive  a  dip- 
not   to  be   the  case,    the  effect  pro-    ping-needle  to  lie   in  the  centre  U  02 
duced  being  merely  temporary.     The    imaginary  sphere,  havinc:  an  equator 
first  experiments    were   made  with   a    situated  in  a  plane  intersecting  perpendi 
mortar-shell  fixed  to  the  mandril  of  a    cularly  the  direction  of  the  dipping- 
powerful  tuminc:  lathe,    worked  by  a    needle,  and  a  circular  plate  of  iron  to  be 
steam-engine.  When  the  ball  was  made    placed  with  its  centre  in  the  surface  of 
to  revolve  at  the  rate  of  640  times  in  a    that  sphere,  its  plane  being  a  tangent  to 
minute,  the  needle  was  deflected  several    that  surface,  when  the  plate  revolves. 
'I'MFrees  from  its  natural  position,  and    the  effect  of  its  revolution  upon  the  dip- 
»  remained  stationary  during  the    ping-needle  will  be  such  that  each  side 
«  of  the  ball ;  whenever  the  rota-    of  the  equator  of  the  latter  (that  is,  the 
eased,  the  needle  immediately  re-    portion  of  the  equator  which  is  situated 
d  to  its  original  situation.    On  in-    in  a  line  at  right  angles  to  the  line  join' 

' Vxvtt,  \W  cAivtres  of  the  needle  and  plates) 
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will  be  deflected  in  a  direction  contrary  according  as  the  one  or  the  other  of 

to  the  direction  in  which  that  edge  of  these  two  methods  was  employed,  were 

the  plate  which  is  nearest  to  it  moves,  the  reverse  of  each  other ;  although  the 

The  deviations  of  the  horizontal  needle  same  order  was  assigned  to  all  the  other 

may  be  easily  deduced  from  this  law,  by  bodies  by  both  methods, 
reference  to  the  motions  of  this  imagi-        (359.)  On  trying  the  effect  of  the  in- 

narv  dipping-needle,  for  they  will  be  terposition  of  diffi^nt  bodies  as  screens, 

such  as  tend  to  bring  them  into  the  in  catting  off  or  modifying  the  influence 

same  vertical   plane   with  the  latter,  of  the  rotating  bodies,  they  could  not 

which  is  the  situation  in  which  it  makes  detect  any  interceptive  power,  except, 

the  nearest  approach  to  its  line  of  direc-  as  might  be  expected,  in  the  case  of  an 

tion.  iron  plate,  which,  when  of  sufficient 

(357.)  The  investigation  of  this  cu-  thickness,  completely  destroyed  all  per- 
rious  subject  was  fuither  prosecuted  by  ceptible  effect  from  rotation. 
Mr.  Babba^  and  Mr.  Herschel,  who,  (360.)  The  magnetic  energy  deve- 
in  conjunction,  undertook  to  verify  M.  loped  by  rotation  was  found  to  oe  much 
Arago*s  experiments  *.  After  a  few  diminished  by  any  interruption  of  con- 
trials  they  succeeded  in  causing  a  com-  tinuity  in  the  plate  which  was  acted 
pass  to  deviate  from  the  magnetic  me-  upon.  This  fact  had  previously  been 
ridian,  and  Anally  to  revolve,  by  placing  noticed  by  Arago ;  but  the  experiments 
nnder  it  plates  of  copper,  zinc,  or  lead,  of  Mr.  Babbage  and  Mr.  Herschel  have 
which  were  put  into  very  rapid  rotation,  verified  it  in  more  detail,  and  have  added 
In  order  to  obtain  more  visible  and  re-  the  curious  circumstance,  that  re-esta- 
gular  effects,  however,  they  found  it  blishing  the  metallic  contact  with  other 
necessary  to  reverse  the  experiment,  by  metals,  restores,  in  a  great  measure,  the 
setting  in  rotation  a  powerful  horse-shoe  force  which  had  been  lost  by  the  divi- 
magnet  with  its  poles  uppermost,  the  sion  of  the  substances ;  and  this  hap- 
line  joining  them  being  horizontal,  and  pens  even  when  the  metal  used  for  sol- 
its  axis  of  symmetry  being  placed  verti-  dering  has,  of  itself,  but  a  very  feeble 
eally ;  while  a  circular  disc  of  the  sub-  magnetic  power ;  thus  affording  a  means 
stance  to  be  examined  was  suspended  of  magnifying  weak  degrees  of  magnet- 
over  this  magnet.  The  disc  was  found  ism.  The  reduction  of  the  metals  to 
to  follow  the  motion  of  the  magnet  with  filings,  or  to  powder,  was  found  to  pro- 
various  degrees  of  readiness,  according  duce  a  still  more  remarkable  diminution 
to  the  substance  of  which  it  was  made,  of  their  magnetic  energy.  The  law  of 
They  obtained  in  this  way  signs  of  diminution  of  force  by  increase  of  dis- 
magnetic  susceptibility  from  'copper,  tance  was  next  investigated;  but  it 
zinc,  sQver,  tin,  lead,  antimony,  mercury,  appeared  to  follow  no  constant  progres- 
gold,  Insmuth,  and  carbon,  in  that  pe*  sion  according  to  any  fixed  power  of 
coliar  metalloid  state  in  which  it  is  the  distance,  but  to  vary  between  the 
precipitated  from  carbonated  li^drogen  square  and  the  cube, 
in  gas-works.  Great  care  was  taken,  in  (361.)  The  explanation  of  these  cu- 
the  case  of  mercury,  to  secure  the  ex-  nous  phenomena  has  been  attempted 
elusion  of  iron.  In  other  bodies  which  on  the  following  principle---namely,  that 
were  tried,  such  as  sulphuric  acid,  in  the  induction  of  magnetism,  time  en- 
rosin,  glass,  and  other  non-conductors,  ters  as  a  necessary  element ;  or,  in  other 
or  imperfect  conductors,  of  electricity,  words,  that  a  certain  appreciable  time 
no  ^positive  evidence  of  magnetism  was  is  required  both  for  the  acquisition  of 
obtained.  magnetic  polarity,'  communicated   by 

(358.)  They  next  endeavoured  to  de-  induction  from  a  magnetized  body,  and 

termine  the  comparative  intensities  of  for  its  loss,  when  the  body  in  which  it 

action  of  these  different  bodies.    Two  has  been  induced  returns  to  the  neutral 

methods  were  used  for  this  purpose;  state  by  the  subtraction  of  all  extraneous 

first,  by  observing  the  deviation  of  the  influence. 

compass  over  revolving  plates  of  great       (362.)  In  order  to  trace  the  operation  of 

size,  cast  to  one  pattern ;  and,  secondly,  this  principle,  let  us  conceive  the  north 

by  the  times  of  rotation  of  a  neutralized  pole  of  a  magnet  to  move  horizontally,  at 

system   of   magnets    suspended   over  &  iittle  distance  above  a  plate  of  metal, 

them;  and  it  is  remarkable,  that  the  or  other  substance,  having  a  very  low  de 

placet  of  zinc  and  copper  in  the  scale*  gr^  of  magnetic  susceptibility,  and  ak<^ 

^  a  very  low  degree  ol  t^VwcvVvN^  ycs^«t» 
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oesnon  wiu  not  instantly  receive  all  the  produced  neariy  a  uniform  cirde  of 
masmetism  which  the  masmet  is  capable  southern  poiarity*  whose  equal  and  con- 
of  excitinc:  in  them  ;  their  state  of  maxi-  trary  actions  on  the  needles  would  de- 
mum  polarity,  therefore,  will  not  be  at-  stroy  one  another, 
tained  until  ihe  masrnet  has  passed  for  (363.)  Plausible  as  this  theory  may 
some  small  distance  beyond  them.  Nei-  appear,  it  is  yet  embarrassed  with  manj 
ther  will  they  lose  their  polarity  at  the  serious  difficulties.  It  does  not  fpive  aay 
same  instant  that  the  magnet  b  stiU  satisfactory  explanation  of  the  mode  in 
further  removed.  Thus,  from  both  which  an  attractive  force,  resulting;  from 
causes,  there  will  always  be,  in  the  rear  induction,  between  one  pole  of  a  magnet 
of  the  magnet,  a  space  both  more  ex-  and  the  consequent  polarity  of  the  ad- 
tensive  and  more  stronely  impregnated  jacent  parts  of  a  piece  of  copper — a  force 
with  the  oppoi«ite  polarity  than  in  ad-  which  is  so  feeble  as  not  to  produce  any 
vance  of  it.  Hence,  there  will  arise  an  sensible  effects  when  both  these  bodies 
oblique  ac:ion  between  the  pole  of  the  are  at  rest— is  immediately  so  greatly 
niau:nt:t  and  the  opposite  pole  of  the  increased  on  their  separation  and  conti- 
])l<ite,  thus  lai:?in!r  behind  it,  which  will  nued  removal  from  one  another,  so  ss 
urtro  it  to  move  in  the  direction  of  the  to  occasion  a  very  considerable  motion. 
nia^'Hi't's  motiim.  The  development  uf  The  force  producing  that  motion  is, 
the  more  ilisiant  piUrity,  similar  in  according  to  tlie  theory,  an  attractive 
kuid  ;o  that  uf  the  macnt^,  being  more  force;  but  Arasro  has  shown  that  the 
ditt'used,  that  pole  willbe  both  weaker  general  resultant  of  all  the  forces,  which 
ar.d  less  oblicpie  in  its  action,  and  will  operate  between  the  pole  of  the  masnet 
be  much  inferior  in  jiower  to  that  of  the  and  the  ])late,  is  a  repulsive  force,  with 
nearer  attracting:  pole.  It  is  evident  relation  to  the  line  perpendicular  to  the 
tliiit  the  converse  will  also  be  true  when  surface  of  the  plate.  The  following ex- 
thc  mairnet  is  at  rest,  bnt  free  to  move  periment  proves  this  : — Suspend  alonf; 
horizontally ;  and  when  the  different  magnet  by  a  thread,  in  a  vertical  posi- 
parts  ot  the  plate  are  passed  in  succes-  tion,  totliebeam  of  a  balance,  and  coun- 
sion  under  it,  the  latter  will  tend  to  drag  terpoise  it  by  weights  on  the  opposite 
the  former  afier  it  with  a  velocity  con-  side  ;  if  the  plate  be  then  revolved 
tinuaily  acceleratini:,  till  they  move  on  under  the  magnet,  the  equilibrium  wiU 
toi^ei her  with  the  same  velocities.  It  is  cease,  and  the  magnet  will  rise,  or  ap- 
also  manifest,  that  the  greater  the  rela-  pear  to  become  lighter,  indicating  its 
tive  vel(>city,  the  more  will  the  pole,  de-  repulsion  Irom  the  plate^ 
veloped  in  the  phite,  lag  behind  the  mag-  (36i.)  The  latest  experiments  on  this 
net,  or  the  magnet  (in  the  reverse  case)  subject  are  those  of  Mr.  W.  S.  Harris, 
lai;  behind  the  pole;  the  more  oblique,  of  Plymouth,  of  which  he  communicated 
therefore,  will  be  the  action,  and  the  an  account  to  the  Royal  Society,  in  June 
greater  the  velocity  produced.  The  1 83  Of.  Fmding  that  the  vibrations  which 
application  of  these  pnnciples  to  circu-  attend  bodies  m  rapid  rotation  are  pro- 
lar  motion,  or  to  the  rotation  of  plates,  pa^ated  to  a  remarkable  extent  along 
is  sufficiently  obvious ;  but  in  this  case,  the  solid  parts  of  the  apparatus  by  which 
if  the  velocity  be  excessive,  compared  a  magnetic  needle  is  suspended,  and  that 
wit  h  the  retentive  power  of  the  revolving  tliey  are  also  conveyed  to  great  distances 
substance,the  latter  may  have  completed  by  the  surrounding  air,  even  when 
a  revolution  before  there  has  been  time  highly  rarefied,  he  took  great  pains  to 
for  its  being  affected  to  a  degree  suffi-  obviate  these  two  sources  of  fallacy, 
cicnt  to  occasion  motion  in  the  magnet;  He  accordingly  conducted  all  his  expe- 
tiie  induced  polarity  will  then  be  weak-  riments  in  an  exhausted  receiver,  the 
cneil,  and  its  effects  rendered  insensible,  parts  to  be  acted  upon  being  eit'ectuall^ 
This  diminution  of  the  total  effect  by  a  secured  from  the  influence  both  of  vi- 
m^re  ueneral  diffusion  of  polarity  was  brations  from  solids  and  of  aerial  vor* 
imitated  by  sticking  a  great  numl)er  of  tices.  He  conceives  that,  in  generjd, 
mairiietized  needles,  vertically,  throuirh  a  sufficient  care  had  not  hitherto  Wen 
li^ht  cork  circle,  having  their  north  poles  taken  to  eliminate  these  several  causes 
downwards,  so  as  to  form  a  coronet  of  of  error,  and  that  we  cannot  repose  that 
'lai^ncts.  This  apparatus,  suspended  implicit  confidence  in  the  conclusions 
ntrally  over  a  revolving  copper  disc,  deduced  from  them  which  is  required  in 

as  not  sensilily  affected ;  for  the  poles 

all  tiu^  magnets,  acVmtt  \xv  ta-md  sw<>  , .  .  ♦  Anurti«deChinuo.  xxxii. mx 
;ssion  upon  dU  the  \vomla  w»>>N  \\\^m«   T\aA«Av»t»Vw\«4.v>«l» 
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a  subject  of  so  delieate  a  nature.  H«  all  matter,  though  possessed*  in  various 
finds  that  the  influence  of  a  rotating  de^rees.bydifPerent  kinds  of  substance; 
body  on  the  magnet  is  real,  but  more  and  that,  m  order  to  render  it  sensible, 
feeble  than  had  previously  been  ima-  it  is  only  requisite  to  employ  them  in 
gined;  and  that  the  law  of  intensity  of  masses  proportionate  to  their  respec- 
action  is  directly  as  the  rapidity  of  ro«  tive  magnetic  susceptibilities.  Lead,  for 
tation,  and  inversely  as  the  squares  of  example,  which  has  a  weaker  magnetic 
the  distances  between  the  attractiDg  susceptibility  than  copper,  must  l^  em- 
bodies, ployed  in  a  larger  mass  in  order  to  pro- 

(365.)  From  some  experiments  which  duce  an  e^ual  effect    By  an  extension 

Mr.  Harris  lately  exhibited  at  the  Royal  of  this  prmciple,  it  would  require  a 

Institution  of  London,  it  appears,  that  a  thickness  of  above  thirty  feet  of  ice,  in 

maisnetic  needle,  partly  neutralised  with  order  to  render  its  interceptive  power 

regard  to  the  earth*s  action,  and  made  sensible. 

to  vibrate  while  surrounded  by  a  mas-        (368.)  It  is  not  necessary,  however, 

sive  ring  of  copper,  or  other  substance  that  the    substance  which  exerts  this 

of  very  weak  magnetic  energy,  had  its  controlling  power  over  the  action  of  a 

oscillations  sensibly  repressed  by  the  revolving  magnet   should  be    actually 

presence  of  that  substance,  and  that  it  interpoMd  between  the  magnet  and  the 

arrived  much  sooner  at  a  state  of  rest  metallic  disc.    Mr.  Harris  found  that» 

than  when  the  ring  was  removed.    The  in  the  case  of  iron,  a  mass  of  that 

magnetks  influence  of  rotating  bodies  metal,  when  placed  very  near  to  that 

was  found  to  be  intercepted  by  a  va-  surface  of  the  magnet  most  distant  from 

riety  of  substances  interposed  between  the  disc  on  which  it  was  actini;,  had  the 

them.  effect  of  neutralizing  its  power.    With 

(366.)  His  last  communications  to  regard  to  non-ferruginous  bodies,  it  is 
the  Royal  Society  contain  an  account  of  very  difficult  to  render  this  influence 
experiments  tending  to  show  that  every  sensible,  unless  they  are  interposed  in 
substance  susceptible  of  magnetism  by  the  direct  line  of  action. 
induction,  when  interposed  as  a  screen,  (369.)  The  temporary  induction  of 
tends  to  arrest  the  action  excited  by  a  magnetism  may  be  conceived  as  taking 
magnet  on  a  third  substance ;  and  that  place  in  two  different  ways :  first,  by 
this  interceptive  power  is  directly  as  the  the  immediate  action  of  the  magnet 
mass  of  the  intervening  substance,  and  upon  each  individual  particle  of  the  body 
inversely  as  its  susceplibility  to  receive  on  which  magnetism  is  induced  ;  or, 
induced  magnetism.  A  single  plate  of  secondly,  by  the  action  of  each  particle 
iron,  for  instance,  about  the  sixteenth  on  the  next  adjoining  to  it  in  succession, 
of  an  inch  thick,  is  found  effectually  to  constituting  a  continued  and  successive 
intercept  the  action  of  a  revolving  mag*  propagation  of  magnetism  from  the  one 
net  on  a  disc  of  copper;  but  the  same  to  the  other.  Although  both  these  kinds 
result  is  not  obtained  when  the  disc  of  induction  may  take  place  at  the  same 
acted  upon,  instead  of  being  copper,  is  time  in  the  same  substances,  yet  the  dc 
also  of  iron,  unless  the  mass  of  inter-  grees  in  which  they  are  exerted  seem  to 
posed  iron  be  very  considerable.  He  be  in  some  inverse  ratio  the  one  to  the 
aflerwards  determmed  that  this  inter-  other :  for  when  the  absorbing  or  reten- 
ceptive  influence  depends,  not  merely  tive  power  of  the  substance  is  consider- 
upon  the  surface  of  tne  interposed  iron,  able,  the  power  of  the  magnet  is  soon 
but  is  in  proportion  to  its  mass.  Hence  checked :  because  the  particles  of  that 
he  was  led  to  suspect  that  indications  substance  first  acted  upon  begin  to 
might  be  obtained  of  a  similar  influence,  operate  as  screens  to  the  succeeding 
exerted  by  substances  not  of  a  ferru-  particles;  and  the  induction,  after  a  , 
einous  nature,  if  they  were  interposed  certain  point,  proceeds  entirely  by  com- 
m  considerable  masses;  and  this  con-  munication  jfrom  particle  to  particle, 
jecture  was  verified  on  trying  the  experi-  until  the  whole  has  attained  a  state  of 
ment  He  found  that  the  action  of  a  permanence.  When,  on  the  contiary, 
revolving  magnet  upon  a  disc  of  tinned  the  retentive  power  of  the  given  sub- 
iron  was  completely  intercepted  by  stance  is  small,  little  or  no  interceptive 
masses  of  about  four  inches  in  thick-  influence  can  exist  aniong  its  particles; 
ness,  of  either  copper,  zinc,  or  silver,  and  the  induction  will  be  pnxlaced 
interposed  between  them.  solely  by  the  direct  action  of  the  maAiwil 

(367.)   It  would  appear,  then,  that  on  all  the  particWs.    k<ico\C(\x\^^  \V  \% 

this  interceptive  property  is  common  to  only  by  the  aucceasvotv  ox  x£i>AVv\j\\vi^^\<5^ 
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of  effect,  resulting  from  the  action  of  to  the  same  paitides ;  and  we  eamiot, 

a  great  number  of  particles,  that  the  l^  mere  reasoning,  decide  whether  the 

controlling  power  of  such  a  substance  magnetism  of  two  different  bodies,  suck 

becomes  sensible.    To  this  cause  is  ap-  as  pure  iron  and  pure  nickel,  should  be 

parently  owing  the  diminution  of  the  considered  as  the  same  impondenbla 

action  of  a  revolving  magnet  on  a  disc  substance.    It  would  assist  us  in  tiie 

of  copper,  when  the  latter  is  intersected  determination  of  this  question,  were  it 

by  radiating  grooves :  since  a  portion  of  ascertained  that  similar  and  eaual  aee- 

the  substance,  every  part  of  which  is  dies  of  iron  and  of  nickel,  when  nib- 

concemed  in  the  full  development  of  mitted  to  the  magnetic  influence  of  the 

induced  magnetism,  is  thereby  removed  earth,  or  of  any  other  magnet,  would 

In  confirmation  of  this  reasoning,  Mr.  make  an  equal  number  of  osdllatioos. 

Harris  found  that  the  number  of  osdl-  An  experiment  was  made  by  M.6ay-Lus- 

lations  made  in  vacuo  in  a  given  arc,  sae  with  this  view,  from  which  it  would 

by  a  delicately   suspended    bar,  sur-  appear  that  the  mutual  idioii  of  the 

rounded  by  several  concentric  copper  magnetic  fluids  contained  in  iftcd  and  in 

rings,  did  not  materially  differ  from  the  soft  iron  is  decidedly  greaior  than  the 

number  performed,  in  similar  circum-  mutual  action  of  the  fluids  bdonging  to 

stances,  by  the  same  bar,  surrounded  steel  and  to  nickel    This  ezpenoKit, 

by  a  solid  mass  of  copper.  however,  is  not  decisive  of  the  auestioii 

(370.)  The  effects  of  various  metals  because  we  may  still  consider  ue  mm- 

in  diminishing  the  oscillations  of  a  mag-  netic  elements  of  a  body  as  not  afihu^ 

netic  needle,  have  been  determined  with  in  contact,  but  as  constituting  iwem 

considerable  accuracy  by  Professor  See-  bla^s  of  particles,  in  wlueh  the  two 

beck.    An  account  of  his  experiments  fluids  reside,  and  are  separated  by  inttf- 

AS  given  in  the  Annales  de  Physique  for  vals  not  greater  than  the  dimensioDS  of 

1826*.  those  elements;  and,  as  we  fonneriy 

(371.)  With  regard  to  the  theory  of  observed  (}  165),  the  ratio  l>etweenthe 

magnetism,  Poisson  has  remarked  that  sum  of  the  volumes  of  all  these  demwh, 

there  is  no  necessity  for  supposing  that  and  the  total  volume  of  the  body,  m^ 

the  phenomena  of  magnetism  are  pro-  l>e  diffierent  in  different  substances,  and 

duced  in  all  bodies  by  a  fluid,  or  fluids,  at  different  temperatures,  in  the  same 

possessing:  everywhere  the  same  inten-  substance.    This  diversity  may  ezpliin 

sity  of  attractive  or  repulsive  action,  the  result  of  Gay-Lussac  s  experiment, 

and  therefore  requiring  to  be  considered  without  the  necessity  of  the  supposifioa 

as  the  same  fluid  in  ditferent  substances,  of  a  difference  in  the  intensity  of  the 

No  doubt  can  exist  as  to  the  identity  of  magnetic  power  in  substances  differentiy 

the  electric  fluid;  because  we  see   it  susceptible  of  magnetism*.     But  the 

passing  from  one  conducting  body  into  interest  which  attached  to  speculatioDi 

another,  and  at  the  same  time  preserv-  of  this  kind,  are  now,  in  some  measure, 

ins:  all  its  properties,  and  exercising,  in  superseded  by  the  new  theory  of  ma^et* 

like  circumstances,  the  same  attractions  ism,  proposed  by  Ampere :  for  an  iC' 

and  repulsions.  But  we  have  no  evidence  count  of  which,  we  must  refer  to  the 

of  this  kind  in  the  case  of  the  magnetic  forthcoming  Treatise  on  £lectro-Mag- 

fluids,  because  they  are  always  confined  netism. 

*  Si'e  Quarterly  Journal  of  Science  for  January,  *  Memoires  d«  TAeademie  Aorale  de»  ScicKw, 

1828.  p.  456.  torn.  r.  pp.  95S,  SSi. 


ERRATA. 
pA^eCi, /fM35,  for  sin,      read  cos. 

37,  ..    to  the tohalf  tbe. 

41, . .    aio. ,    ^  sin. 
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XT' 4         /^f/^^^*  w^ich  the  prizes  were  awarded*.     The 

Hutory  of  the  Science  pnor  to         conclusion  to  which  he  arrived    after  a 
Oersted's  discovery.  long  and  elaborate  discussion  of  the 


CI.)  Thb 


^^wy.  — ..p,   -...^  ^M^wtniv  uiscussion  01   The 

analogies  that  exkt  between    ""^J®?*,  was,  that  the  similarity  between 
the  Dhenomena  of  magnetism  and  those    ®l^t"city     and    magnetism    amounts 
of  electricity,  in  their  general  character,    ™^y    *^  ^   apparent   resemblance, 
in  the  laws  which  govern  them,  and  in    ^"^/lo«s  n«t  constitute  a  true  physical 
the  Tarious  combinations  they  present,    f°*'^y  J  whence  he  infers,  that  these 
are  so  extensive  and  so  lemarkable,  as    ^'^S    powers  are   essentially    different 
hatarally  to  suggest  the  notion  that  the    ^°  distmct  from  one  another.      Tlie 
agencies  themselves  from  which  they    ®PPO«»te  opinion,  on  the  other  hand, 
proceed  must  be  allied  to  one  another    ^*'  mwntamed  by  Professors  Steigleh- 
by  some  close  and  intimate  relation.    "®''  ^^^  Hubner,  who  contended  that 
Adventurous  theorists  have    advanced    ?^  J?^^®  *"  analogy  as  that  exhibited 
the  doclrine,  that  each  of  these  princi-    vX  *"®i®  *^°  classes  of  phenomena,  in 
pies  is  merely  a  modification  of  the         .^  *"®  effects  of  a  single  agent, 
other,  and  that  both  may  be  regarded    ^*"?"    only  in  consequence  of  a  di- 
as  ultimately  identical  in  their  nature,    ^®*'s»*y  of  circumstances.     So    many 
constituting,  instead    of  two   separate    "^^  '?^**  ^*^®.  ^^n  brought  to  light 
and  primary  powers,  a  single  power  of    **"^®  ^"^  ^*™®  *"  which  these  authors 
a  higher  order  of  simplicity.  wrote,  that  the  reasonings  adduced  on 

(2.)  The  connexion  between  mag-  f'^ her  side  in  this  controversy  have  now 
netism  and  electricity  was  a  favourUe  !?.„  ^^^}^  interest,  excepting  that  it  is 
subject  of  speculation  and  inquiry  ™1  cunous  to  observe  by  what  devious 
among  philosophers  in  the  middle  of  P***"  they  were  led  away  firom  the 
the  last  century.  Many  were  the  efforts  "^  j»  **  *'*®  moment  when  they  had 
made  to  resolve  this  seductive  problem,  "®*?^y.  cached  it,  and  when  a  very  slight 
which  continued,  however,  to  baffle  the  ^^^*^^0"  »"  the  form  of  their  experi- 
labours  of  each  succeeding  experimen-  "®"t»  would  at  once  have  disclosed  it 
talist,  who  multiplied  his  attempts,  and    to  their  view. 

varied  his  processes,  without  approach-    ,   ^f  "^  Subsequent  discoveries  relating 

ing  nearer  to  the  point  he  aimed  at ;    to  the  laws  of  electric  and  magnetic 

and  also  to  elude  the   reasonings   of    *^tion.  both  as  respects  attraction  and 

those  who  theorized  upon  every  new    '^P^^sion,    and    also    induction,    have 

fact  unta  they  bewildered  both  them-    tended  to  confirm  the  analogy  between 

selves  and  theu-  readers  in  the  mazes  of    *!l^'"'  .^"^  *®.  corroborate  the  opinion 

visionary  and  conflicting  hypotheses.         *"**  ™y  ultimately  emanate  from  a 

(3.)  In  the  year  1774,  the  following    common  source.    Electricity,  it  is  true. 

question  was  proposed  by  the  Electond    ^^.^l?  ^^^^  species   of   matter  with 

Academy  of  Bavaria  as  the  subject  of    w™ch  ^e  are  acquainted,  in  nearly  an 

a  prize  dissertation:— 'Is  there  a  real    ^"A'^^g*'**;  while  magnetism,  although 

and  physical  analogy  between  electric    P*^'*"*Ps  equally  universal  in  its  opera- 

and  magnetic  forces ;  and,  if  such  ana-    **®"'  ^^^  *^**  ^^rx  feebly,  and  probably 

logy  exist,  in  what  manner  do  these    ""54"ally,  upon  most  kinds  of  matter, 

forces  act    upon    the    animal   body  ?'     *"^  certainly  exerts  its  principal  energy 

The  essays  received  by  the  Academy    "PO"  'ron,  a  circumstance  which  has.  to 

on  that   occasion,  were   collected  and     "T"!^!        ZZ      "HITTTZ T": 

»»l..i;.i.»^      A-  -.  tA  .         V  HU  work  is  entitled  •  Recue  1  de  Mt^raolrea 

published,    ten    years   afterwards,    by    sur  r AniUogie  de  rEicciriciii  ei  du  Majnitw 

Professor  Van    Swinden,   of   Frantker,      P"""»n««<t*  «"*  publl«i«,  par  rAcademle  de  BaTlere^ 

the   author  of  one  of  the  essays  for    J  uKiVt^i^w?^ "'*"**"*  EauoK*v>^«,%,^ 
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thisday.remained  inexplicable,  allhoiic:h  electrical  battery,  in  imitation  of  thest 
we  have  acquired  the  knowledpje  that  eflFects,  and  in  order  to  ascertain  the 
electricity,  under  certain  modifications,  circumstances  on  which  they  depended, 
will  produce  every  effect  of  magnetism.  But  althouj^h  steel  bars  were  easily  ren- 
Electricity,  we  know,  may  be  transferred  dered  magnetic  by  passing  strong  eleo- 
from  one  body  to  another,  but  mag-  trie  shocks  through  them,  yet  the  results 
netism  can  be  excited  by  induction  only,  were  by   no  means  uniform,  and  no 
and  is  incapable  of  any  similar  kind  of  general  law  could  be  traced  as  E^)vem- 
transference.    Still,  however,  there  ex-  ing  the  production  and  distribution  of 
isted  many  positive  facts,  which,  inde-  the  polarity  thus  induced.    A  large  pro- 
pendently  of  all  analogy,  demonstrated  portion  of  the  effects  appeared  to  be  re- 
that  the  magnetic  needle  was  occasion-  ferable  to  the  concussion  which  the  par- 
ally  influenced  in  its  movements  by  the  tides  of  the  bar  received  inconsequence 
action  of  electricity ;  and  that,  in  certain  of  the  violence  with  which  the  accumu- 
cases,  the  magnetic  properties  could  be  lated  torrent  of  electricity  rushed  throoj^ 
excitwl  by  electric  explosions.    The  ap-  them,  thereby  giving  efficacy  to  the  m- 
pearance  of  the  aurora  borealis,  which  ductive  influence  of  the  earth.     This 
has  all  the  characters  of  an  electric  phe-  influence,  it  is  well  known,  depends  al* 
nomenon,  has  been  very  frequently  ob-  together,  as  was  explained  in  the  Treatise 
served  to  be  accompanied  by  a  disturb-  on  Magnetism  (§  109),  on  the  position 
ance  in  the  position  of  the  compass  ;  of  the  bar  with  relation  to  the  direction 
and  a  delicately  suspended    magnetic  of  the  dipping  needle,  which  is  tlie  same 
needle  has  generally  exhibited,  on  these  as  that  of  the  action  of  terrestrial  mtg- 
occasions,    very   frequent    oscillations,  netism.  The  experiments  of  Mr.  Scorn- 
Lightning,  which  is  still  more  decidedly  by  *,  made  with  a  view  of  detennininx 
electric,  has  been  known,  in  numberless  the  amount  of  this  influence  when  aided 
instances,  to  destroy,  and  sometimes  to  by  electric  concussion,  fully  confirmed 
reverse  the  .  polarity  of  the  compass*  the  principle  upon  which  that  mode  of 
needle ;  and  many  disastrous  accidents  explaining  the   phenomenon  rests,  by 
happening  to  ships,  in  consequence  of  showing  that  the  action  of  a  powerftil 
their  mistaking  their  course,  may  very  electric  shock  is,  in  a  great  measure, 
probably  have  been  owing  to  this  cause,  similar  to  that  of  a  blow  from  a  ham- 
In  confirmation  of  this,  we  meet  with  a  mer,  or  to  the  forcible  twisting  of  the 
narrative  recorded  in  one  of  the  early  iron,  or  any  other  kind  of  mechanical 
volumes  of  the  Philosophical  Transac-  violence. 

tions*,  in  which  the  snip  Alexander.        (6.)  There   still,  however,   remained 
being  one  hundred  leagues  from  Cape  many  anomalous  appearances,  to  the 
Cod,    in  latitude  48°,    encountered    a  explanation  of  whicn  this  principle  did 
violent  thunder-storm  ;   the   mast  was  not  furnish  the  most  slender  clue.  These 
struck  by  lightning,  which  also  reversed  anomalies    presented   themselves  more 
the  poles  of  all  the  compasses  in  the  especially  when  the  electric  discharee 
ship,  a  change  which  was  not  discovered  was  made  to  pass  transversely,  or  m 
till  the  ensuing  night,  when  the  stars  oblique  directions,  through  the  bar ;  for 
appeared,  and  it  was  found  that  they  it  was  found,  in  those  cases,  impossible 
had  been  steering  in  the  opposite  course  to  predict   what  direction  the  induced 
to  that  which  they  intended.    It  is  also  poles  would  assume,  or  even  whether 
stated,  that  in  one  of  the  compasses,  the  any  distinct  polarity  would  be  commu- 
end  which  had  before  pointed  to  the  nicated  to  the  bar  when  so  treated, 
north  now  pointed  to  the  west.     An-        Nothing  illustrates  more  forcibly  the 
other  instance  is  recorded  in  the  same  proneness  of  the  human  mind  to  draw 
workt,  where    a   stroke  of  lifijhtning  general    conclusions   from    insufficient 
passed    through   a   box    containing  a  data,  than  the  various  opinions  so  con- 
great  number  of  knives  and  forks,  melt-  fidently  maintained  by  different  experi- 
mg  some,  and  scattering  the  rest  alniut  mentalists  on  this  subject.     D'Alibanl 
the  room.    It  was  found  that  all  those  thought  he  had  demonstrated,  by  hit 
which  were  not  melted  had  been  ren-  experiments,  that  the  electric  discharge 
dered  strongjly  magnetic,  so  as  to  take  imparts  a  northern  polarity  to  that  point 
up  large  nails,  and  other  pieces  of  iron,  of  a  steel  bar  at  which  it  enters,  and  s 
placed  near  them.  southern  polarity  to  that  at  which  it 
(5-)  Experiments  were  tried  with  the  - 

•  Vat  «iv    „  «;ort  7ir~i 1 T: —        *  TranBacUoM  of  the  Royal  Sodcty  of  K*»- 

YOU  »lv.  |).  5:K).  t  Vol,  xxxli.  i..  7*.  burgh,  vol.  Ix.  •'vvw^  w  M^mm- 
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makes  if  s  exit ;  and  this  quite  iiidepend-  upon  one  another,  their  electrical  and 
ently  of  the  position  of  the  needle  with  their  masnietic  actions  appear  to  be  per 
respect  to  the  magnetic  poles  of  the  fectly  distinct,  and  in  no  respect  to  in- 
earth. Wilke,  on  the  contrary,  ima-  fluence  or  modify  one  another, 
gined  that  he  could  establish  the  exist-  (8.)  The  discovery  of  galvanism,  and 
•«nceof  an  invariable  connexion  between  the  invention  of  the  Voltaic  apparatus, 
the  negative  electricity  and  the  northern  opened  a  new  field  of  inquiry ;  for,  by 
pK>larity.  The  laborious  series  of  expe-  furnishing  the  experimentalist  with  the 
riments  which  were  undertaken  by  Van  means  of  maintaining  a  continuous  cur- 
Swinden,  with  the  express  view  of  re-  rent  of  electricity  in  very  large  quantity, 
conciling  these  strange  discrepancies,  it  enabled  him  to  study  the  eftects  of  this 
instead  of  settling  the  dispute,  seemed  powerful  agent  under  circumstances  of 
only  to  leave  it  more  than  ever  embar-  a  very  different  kind  from  those  he  had 
rassed  with  difficulties.  About  the  year  previously  had  under  his  command.  The 
1777,  the  celebrated  Beccaria  engaged  electrochemical  phenomena,  brought 
in  a  similar  investigation ;  and  although  to  light  by  its  application  to  another 
he,  like  his  predecessors,  failed  in  disco-  branch  of  physical  science,  for  a  long 
veringthe  true  nature  of  the  magnetic  time  occupied  the  talents 'and  absorbed 
influence  of  electricity,  yet  he  noticed  a  the  attention  of  scientific  men  in  every 
singular  fact  which  occurred  to  him  in  part  of  Europe ;  and  many  years  elapsed 
the  course  of  his  experiments,  but  of  uefore  Voltaic  dectncity  was  applied 
which  he  does  not  appear  to  have  ap-  with  any  success  to  determine  the  in- 
preciated  the  value.  He  found  that  a  fluence  which  it  so  directly  exerts  over 
needle,  through  which  he  had  sent  an  magnetized  bodies.  The  few  inquirers 
electric  shock,  had,  in  consequence,  ac-  who  sought  to  establish  a  relation  or 
quired  a  curious  species  of  polarity;  for,  identity  between  these  two  powers,  ex- 
instead  of  turning  as  usual  to  the  north  cited  but  little  attention,  in  consequence 
and  south,  it  assumed  a  position  at  either  of  the  obscurity  of  their  reason- 
right  angles  to  this,  its  two  ends  point-  ings  or  the  inaccuracy  of  their  expert  - 
inic  to  the  east  and  west.  There  is  little  ments.  The  various  hints  interspersed 
doubt,  that  if  he  had  followed  up  the  among  the  journals  of  this  period,  re- 
inquiry  which  this  important  fact  had  specting  movements  having  been  ob- 
opened  to  him,  he  would  soon  have  m-  served  in  the  magnetic  needle  by  the 
rived  at  the  great  discovery  which  was  actionof  the  Voltaic  pile,  were  too  vague 
made  al>out  half  a  century  aftei-wards  and  uncertain  to  warrant  anv  determi« 
by  Oersted,  and  which  has  dispelled  the  nate  conclusion.  The  most  definite  and 
whole  mystery*  authentic  narrative  relating  to  this  sub- 
(7.)  As  nothing  had  been  gained  by  ject  was  that  of  Ritter,  who  asserted 
foUowing  the  more  violent  operations  of  that  a  needle,  composed  of  silver  and 
highly  condensed  charges  of  electricity,  zinc,  had  arranged  itself  in  the  magnetic 
other  philosophers  occupied  themselves  meridian,  and  had  been  slightly  attracted 
in  the  attentive  study  of  the  more  tran-  and  repelled  by  the  poles  of  a  magnet. 
qail  influence  of  this  agent,  when  merely  He  also  statcd,that  by  placing  a  gold  coin 
aoenmulated  in  insulated  conductors,  in  the  Voltaic  circuit,  ne  had  succeeded 
and  exerting  simply  its  attractive  and  in  giving  to  it  positive  and  negative  elec- 
repulsive  powers  in  conjunction  with  trie  poles;  and  that  the  polarity  so 
those  of  magnetism.  But  however  these  communicated  was  retained  by  the  gold 
actions  migh  the  combined,nothing  could  after  it  had  been  in  contact  with  other 
be  detected  that  indicated  any  interfe-  metals,  and  appeared,  therefore,  to  par- 
rence  of  agency  or  modification  of  effect  take  of  the  nature  of  ma^etism.  A 
consequent  on  the  combination.  An  gold  needle,  placed  in  similar  circum- 
electrified  body  is  found  to  exert  the  stances,  acquired  still  more  decided  mag- 
same  attractions  and  repulsions  on  a  netic  properties.  These  experiments 
magnetized  needle  as  it  does  on  the  same  suggested  to  Ritter  some  vague  idea 
needle  when  devoid  of  magnetism ;  nor  that  electrical  combinations,  when  not 
does  it,  like  magnetism,  exhibit  any  de-  exhibiting  their  electric  tension,  were  in 
cided  preference  for  iron,  compared  with  a  magnetic  state  ;  and  that  there  existed 
its  action  on  other  metals.  When  the  a  kind  of  electro-magnetic  meridian  de^ 
two  agencies  are  united  in  the  same  pending  on  the  electricity  of  the  earth, 
body,  as  when  bars  of  steel,  already  at  right  angles  to  the  ma^^viVSxi  ^«a^« 
rendered  magnetic,  arc  also  charged  But  these  apec>}\a\\OTv&Yict^Q^VQ«>waafc 
with  electricity,  and  placed  so  as  to  act    a  nature  lo  VVvroN*  wv>j  ^^s^LVWiV\^^8c^.  w^ 
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the  true  connexion  between  magnetism 
and  electricity. 

Chapter  II. 
Account  of  Oersted's  Experiments. 

(9.)  The  real  discoverer  of  the  mag- 
netic properties  of  electric  currents  was 
M.  Oersted,  Professor  of  Natural  Phi- 
losophy, and  Secretary  to  the  Royal 
Society  of  Copenhagen.  In  a  work 
which  he  published  in  German,  about 
the  year  1813,  on  the  identity  of  chemi- 
cal and  electrical  forces*,  he  had  thrown 
out  conjectures  concerning  the  relations 
subsisting  between  the  electric,  galvanic* 
and  magnetic  fluids,  which  he  conceived 
mii^ht  differ  from  one  another  only  in 
their  respective  degrees  of  tension.  If 
galvanism,  he  argued,  be  merely  a  more 
latent  form  of  electricity,  so  magnetism 
may  possibly  be  nothing  more  than  elec- 
tricity in  a  still  more  latent  form  ;  and 
he  therefore  proposed  it  as  a  subject 
worthy  of  inquiiy  whether  electricity, 
employed  in  this,  its  most  latent  form, 
might  not  be  found  to  have  a  sensible 
effect  upon  a  magnet.  It  is  difficult 
clearly  to  understand  what  he  means  by 
the  expression  of  IcUent  states,  as  ap- 
plied to  electricity,  but  it  may  l)e  suffi- 
cient for  us  to  know  that  in  the  various 
endeavours  he  subsequently  made  to 
verify  his  conjectures,  he  was  led  to 
such  forms  of  experiment  as  afforded 
decisive  indications  of  the  influence  of 
Voltaic  currents  on  the  magnctiz^ 
needle.  Yet,  even  after  he  had  suc- 
ceeded thus  far,  it  was  a  matter  of  ex- 
treme difficulty  to  determine  the  real 
direction  of  this  action,  and  it  was  not 
till  the  close  of  the  year  1819  that  his 
perseverance  was  at  length  rewarded  by 
complete  success. 

(10.)  The  first  account  of  his  disco- 
very that  appeared  in  England  is  con- 
tained in  a  paper,  which  he  himself 
communicated,  in  Thomson's  Annals  of 
Philosophy,  for  October,  1820  f;  and 
in  which  the  following  experiments  are 
described :— The  two  jwles  of  a  powerful 
Voltaic  battery  were  connected  by  a 
metallic  wire,  so  as  to  complete  the  gal- 
vanic circuit.  The  wire  which  performs 
this  office  he  called  the  uniting  wire; 
and  the  effect,  whatever  it  may  be,  which 
takes  place  in  this  conductor,  and  in  the 
space  surrounding  it,  during  the  pas- 

•  Thlg  work  was  translated  Into  French  by 
Marcel  des  Serrea,  under  the  title  of  •  Ilefherches 
•url'Idcnlit^''  dea  Forces  Chlmlques  et  Electrlqiics. 
Pmnii,  1M1.3.'     See  the  Hth  Chapter  of  that  work. 

f  Yhi.  XVI.  of  the  fiml  aeriea,  v-  V7». 


sage  of  the  electricity,  he  designates  bf 
the  term  el^tric  conflict^  from  an  idea 
that  there  takes  place  some  continued 
collision  and  neutralization  of  the  two 
species  of  electric  fluids,  while  circulat- 
ing  in  opposite  currents  in  the  appara- 
tus.   Then  taking  a  mainietic  needle, 
properly  balanced  on  its  pivot,  as  in  (he 
mariner's  compass,  and  allowing  it  to 
assume  its  natural  position  in  the  mac- 
net  ic  meridian,  he  placed    a   straight 
portion  of  the  uniting  wire  horizontally 
above  the  needle,  and  in  a  direction 
parallel  to  it ;  and  then  completed  the 
circuit,  so  that  the  electric  current  passed 
through  the  wire.    The  moment  this 
was  done,  the  needle  changed  its  position, 
its  ends  deviating  from  the  north  snJ 
south  towards  the  east  or  west,  accord- 
ing to  the  direction  in  which  the  electric 
current  flowed,  so  that  by  reversing  tlie 
direction  of  the  current  the  motion  of 
the  needle  was  also  reversed.    The  ge- 
neral law  he  expressed  as  follows  ^- 
'  That  end  of  the  needle  which  b  si- 
tuated next  to  the  negative  side  of  the 
t)attery,  or  towards  which  the  cunent 
of  positive  electricity  is  flowing,  imme- 
diately moves  to  the  westward.* 

(11.)  The  deviation  of  the  needle  is 
the  same,  whether  the  uniting  wire,  in- 
stead of  being  immediately  above  the 
needle,  be  placed  somewhat  to  the  east 
or  west  of  it,  provided  it  continue  pa- 
rallel to  and  also  above  it.  This  shows 
that  the  effect  is  not  the  result  of  a  sim- 
ple attractive  or  repulsive  influence,  for 
the  same  pole  of  the  magnetic  needle 
which  approaches  the  uniting  wire  when 
placed  on  its  cast  side  recedes  from  it 
when  placed  on  its  west  side. 

(12.)  If  the  uniting  wire  be  placed  in 
a  horizontal  plane  under  the  magnetic 
needle  the  latter  is  affected  to  an  equal 
degree  as  in  the  formi'r  case,  but  the 
motions  are  made  in  the  contrar)'  di- 
rection ;  for  the  pole  of  the  needle  next 
to  the  negative  end  of  the  battery  now 
deviates  towards  the  east. 

(13.)  The  effects  above  described  will 
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be  more  clearly  nnderstood  from  an  in- 
ipection  of  Figs,  I  and  2,  where  N,  S 
present  (he  two  opposite  poles  of  the  ma^ 
netic  needle,  balanced  upon  its  pivot ;  aiid 
p  n  the  uniting  wire ;  the  end  p  being 
connected  with  the  positive  or  copper 
end  of  the  simple  jralvanic  battery,  and 
the  other  end,  n,  being  connected  with 
the  negative  or  zinc  end  of  the  same 
battery.  (Sec  the  Treatise  on  Galva- 
nism, $  15.)  So  that  the  direction  of  th : 
positive  electric  current  is  from  p  to  n,  »is 
described  by  the  arrows  in  the  figure. 


be  placed  on  a  level  with  the  needle 
NS  and  parallel  to  it,  on  its  eastern  side, 
the  pole  S,  next  to  the  negative  end  of 
the  wire  n.  will  be  elevated,  and  the  pole 

Fig.  3. 
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When  the  uniting  wire  is  above  the 
needle,  as  iny^.  1,  the  pole  S,  which  is 
next  to  the  negative  side  of  the  battery, 
or  towards  which  the  current  of  positive 
electricity  is  flowing,  will  move  towards 
W,  the  western  side  of  the  horizontal 
dotted  circle;  and  the  needle  will  as- 
sume the  position  N'  S'.  When  the 
whre  is  below  the  needle,  as  vafig^  2,  the 
smme  pole  S  will  move  towards  E,  the 
east  point  of  the  horizon ;  and  its  new 
position  will  be  N'  S',  inclined  in  a  di- 
rection the  reverse  of  that  which  it  as- 
simied  in  the  former  case. 

(14.)  For  the  more  easy  retention  of 
these  facts  in  the  memory  Oersted  used 
the  following  formula :  namely,  '  tha 
pole  abofiM  wnich  the  negative  electricity 
enters,  is  turned  to  the  west;  under 
which,  to  the  ea»V  Another,  and  more 
convenient  formula,  however,  will  pre- 
sently be  given,  comprehending  not  only 
these  but  many  other  facts,  which  are 
derived  ftrom  a  more  universal  principle 
applicable  to  all  of  them. 

(15.)  When  the  uniting  wire  is  si- 
tuated in  the  same  horizontal  plane  as 
that  in  which  the  needle  moves,  and  is 
at  the  same  time  parallel  to  it,  no  decli- 
nation takes  place  either  to  the  east  or 
west ;  but  the  needle  is  inclined,  so  that 
the  pole  next  to  the  end  of  the  wire  at 
^hich  the  negative  electricitjr  enters  is 
clepressed,  when  the  wire  is  situated  on 
%he  west  side,  and  elevated  when  situ- 
^ed  on  the  east  side. 

Thus,  if  the  uniting  wire  p  n,  Jig.  3, 


N  depressed,  so  as  to  assume  the  posi- 
tion represented  \iy  the  dotted  needle 
N'S'.  If  the  uniting  wire  had  been 
placed  on  the  western  side  of  the  needle 
the  pole  N  would  have  been  elevated, 
and  S  depressed ;  and  the  axis  of  the 
needle  would  have  been  in  the  position 
N"S^ 

(16.)  If  the  uniting  wire,  instead  of 
being  parallel  to  the  needle,  be  placed  at 
right  angles  to  it,  that  is,  extendins^  from 
east  to  west,  whether  above  or  below  it, 
the  needle  remains  at  rest,  unless  it  be 
brought  very  near  to  one  of  the  poles ; 
in  which  case  the  pole  is  elevated  when 
the  entrance  of  the  negative  electricity 

Fig.  A. 


is  from  the  west  side  of  the  wire,  and 
depressed  when  from  the  east  side.  Thus 
the  pole  S,  fig,  4,  is  elevated  when  the 
current  of  positive  electricity  proceeds 
from  p  to  » ;  that  is,  when  the  entrance 

Fig.b. 
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of  llw  negative  eleetrleity  is  from  the 
«re«t  side  of  the  vrire. 

(17.).  When  the  uniting  wire,  instead 
of  being  horizontal,  is  placed  vertically, 
as  shown  in  Jig.  5,  either  to  the  north  or 
south  of  the  needle,  and  then  brought 
near  to  the  adjacent  pole,  if  the  up])er 
extremity  of  the  wire  receives  the  m^tca- 
tive  electricity,  that  pole  moves  towards 
the  east ;  but  when  the  wire  is  brought 
opposite  to  a  point  between  the  pole  and 
tne  middle  of  the  needle,  as  in  Jig.  6,  the 

Ffg.  6. 


same  pole  deviates  to  the  west.  When 
the  up])er  end  of  the  wire  receives  posi- 
tive electricity,  the  phenomena  are  re- 
versed. 

(18.)  Oersted  found  that  these  expe- 
riments 8ucceedc*d  equally  well  if  the 
uniting;  conductor  consisted  of  one  or  of 
several  wires,  or  metallic  ribbons,  con- 
nected topether.  Neither  is  the  effect 
altered  in  its  kind,  thoucrh  it  may  vary 
somewhat  in  depree,  when  different 
metals  are  used :  thus,  platinum,  gold, 
silver,  brass,  iron,  lead  and  tin,  and  even 
mercury  contained  in  a  tube,  when  em- 
ployed as  the  conductors  of  the  electricily, 
nave  a  similar  influence  on  the  mac^etic 
needle.  The  conductor  still  exerts  this 
power,  althoue:h  it  l)e  interrupted  by 
water,  provided  the  interval  between  the 
metals  does  not  extend  to  sevcrt'tl  inches 
in  length.  The  magnetic  influence  of 
the  wire  on  the  needle  is  not  prevented 
by  the  interposHion  of  glass,  metals, 
wood,  water,  n-sin,  si  ones,  or  any  other 
substance  that  was  tried.  The  effect 
proiluccd,  nevertheless,  is  referable 
purely  to  magnetism,  for  it  is  exerted  on 
magnetic  bodies  only,  and  has  no  in- 
fluence on  needles  of  brass,  class,  or 
gum  lac.  It  appears  to  deiiend,  not  upon 
the  intensity  of  the  circulatinu:  electri- 
city, but  solely  on  its  (juantity  ;  and  ac- 
cordingly Oersted  found  that  he  could, 
with  a  sinu:le  galvanie.  arc,  npeat  all  the 
ex|)eriments  which  he  had  at  first  made 
with  a  compound  VoUvlu-  battery.  In 
tJiis  way,  also,  he  was  euaVAviOL  \v^  \\v:V<£tt\. 


tlie  i-ecipmcal  action  which  the  polci  of 
a  mignet  exert  on  the  conductinip  wiiti 
for,  by  placing  a  plate  of  xinc»  aiz  ncbn 
square,  between  two  platei  of  oimr 
formed  into  a  trough,  in  order  to  hold 
the  acid  which  is  lo  act  upon  the  for- 
mer, but  kept  from  touching  than  br 
small  pieces  of  cork  interpoaed  on  na 
side,  on  forming  a  communication  bs- 
tween  the  two  plates  by  an  extendtd 
wire,  and  then  suspendmg  the  whob 
apparatus  by  a  thread,  the  efTrd  of  a 
magnet  in  moving  the  wire  could  be    ■ 
readily  ascertained.  i 

(19.)  The  announcement  of  the  im-  j 
portant  discovery  of  Oersted  exdtcd  the  I 
greatest  interest  among  all  the  philoeo- 
phers  of  Europe,  and  they  immediilelf 
occupied  themselves  in  repeating  snd 
extending  his  experiments.  Aomnis 
those  who  were  early  distin^islwd  Inr 
their  seal  and  activity  in  ihis  rewarch 
Were  Ampdre  and  Arago,  in  France,  tad 
Sir  H.  Davy  and  Faraday,  in  Enf^sni 
So  manv  were  the  cultivators  in  this 
ne  A  field  of  inquiry,  and  so  eagerij  did 
they  pursue  the  path  thus  unexpectedly 
opened,  that  a  gn?at  numl)er  of  mterest- 
im;  facts  were  speedily  brought  to  light ; 
and  where  all  were  pressing  forward  in 
the  same  career,  it  is  scarcely  possible 
to  adjust  the  claims  to  prioriiy  of  dis- 
covery, with  resi)ect  even  to  the  nwit 
impoHant  facts.  Instead,  therefore,  of 
attempting  to  give  a  chronological  view 
of  the  progress  of  knowledere  in  this  de- 
partment of  science,  wc  shall  adopt  the 
followine:  more  didactic,  and,  wetnist. 
more  instructive  plan.  We  shail  fitil 
state  those  peueral  principles  to  wliich 
philosophers  have  arriveo  by  graduil  ' 
and  successive  inductions;  secondly, 
we  shall  trace  the  various  combinttioDS 
of  those  principles  in  different  waj-s,  and 
under  ditt'erent  circumstances,  and  the 
effects  resulting  from  them ;  and  lastly, 
point  out  the  explanations  which  th^ 
afford  of  })articular  phenomena,  in  the 
order  which  appears  most  conducive  to 
clear  and  comprehensive  views  of  (he 
whole  subject  of  electro -magnetism. 

Chapter  III. 

Fundamental  Law  of  Electro-Magnetic    \ 

Action,  j 

(20.)    An  attentive   examination  of    ' 
the  facts  described  in  the    preceding    - 
chapter  will  soon  convince  us  that  the 
magnet  ic  force  which  emanates  from  the    ' 
electrical  conducting  wire  is  entirely  dif* 
ferent  in  its  mode  of  operation  from  sU 
V\\^  v^>\\^\  Vaic<:fta  in  nature  with  vfaiA 
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we  are  acquainted.  It  does  not  act  in  a 
direction  parallel  to  that  of  the  current 
which  is  passing  along  the  wire,  nor  in 
any  plane  passing  through  that  direction. 
It  18  evidently  exerted  in  a  plane  perpen- 
dicular to  the  wire,  but  still  it  has  no 
tendency  to  move  the  poles  of  the  mag^ 
net,  in  a  right  or  radial  line,  either 
directly  towards  or  directly  from  the 
wire,  as  in  every  otlier  case  of  attractive 
or  repulsive  agency.  The  peculiarity  of 
its  action  is  that  it  produces  motion  in  a 
circular  direction  all  round  the  wire; 
that  is,  in  a  direction  at  right  angles  to 
the  radius,  or  in  the  direction  of  the 
tangent  to  a  circle  described  round  the 
wire  in  a  plane  perpendicular  to  it 
Hence,  as  Mr.  Barlow  has  expressed  it, 
the  electro-magnetic  force  exerts  a  ton- 
gential  action, 

(21.)  The  direction,  in  the  circumfe- 
rence of  these  circles,  of  the  action 
exerted  on  any  one  pole  of  a  magnet  by 
the  electrical  current  which  is  moving 
at  right  angles  to  the  plane  of  the  circles, 

Fig.  7, 


is  determined  by  the  dhection  of  the 
current.  If  we  suppose  the  conducting 
wire  to  be  placed  in  a  vertical  situation, 
as  shown  in  Jig,  l^fn^  and  the  current 
of  positive  electricity  to  be  descending 
through  it,  or  moving  from  p  to  it  (the 
negative  electricity  moving,  of  course, 
in  the  contrary  direction,  or  ascending), 
and  if  throuf!:h  any  point  C  in  that  wire, 
the  plane  NN  be  taken  perpendicular 
to  jp  n,  that  is,  in  the  present  case,  a 
horizontal  plane ;  and  lastly,  if  any  num- 
ber of  circles  be  described  in  that  plane 
having  C  for  their  common  centre,  then 
the  action  of  the  current  in  the  wire 
upon  the  north  pole  of  a  magnet,  si- 
tuated any  where  m  that  plane,  will  be 
to  move  it  in  the  line  of  the  tenant  to 
the  circle  which  passes  through  it,  and 
in  the  direction  denoted  by  the  arrows 
in  the  figure ;  that  is,  from  left  to  right 
in  the  remote  part  of  the  circle,  and  from 
right  to  left  in  the  nearer  part.  In  other 
words,  the  motions  impressed  will  be  in 
a  direction  corresponding  to  those  of 


the  hands  of  a  watch  having  the  dial 
towards  the  positive  pole  of  the  Voltaic 
battery. 

(22.)  When  the  direction  of  the  cur- 
rent is  reversed,  the  wire  still  preserving 
its  vertical  position,  the  direction  of  the 
action  is  also  reversed  ;  and  the  circular 
motions  produced  correspond  to  the 
movements  of  the  hands  of  a  watch  with 
its  face  downwards ;  that  is,  still  looking 
towards  the  positive  electrical  pole. 

(23.)  The  actions  of  either  the  de- 
scending or  ascending  electrical  current 
upon  the  south  pole  of  a  magnet  are 
exactly  the  reverse  of  those  which  are 
exerted  on  the  north  pole.  Fig.  8  re- 
pretenta  the  action  of  the  current  mov- 


ins:  from  p  to  n,  on  the  south  pole; 
which  is  directed,  as  may  be  seen,  from 
right  to  left  in  that  part  of  the  circle 
which  is  opposite  to  the  wire,  and  which 
would,  therefore,  impel  the  south  pole 
in  a  direction  contranr  to  that  of  the 
hands  of  a  watch.  On  reversing  the 
direction  of  the  current  these  effects  wiU 
again  be  reversed. 

(24.)  It  is  evident  that  in  the  course 
of  experiments  on  electro-magnetism, 
the  current  and  magnetic  poles  may  be 
presented  to  our  observation  in  a  great 
variety  of  relative  positions ;  and  it  will 
be  found  not  very  easy  to  retain  a  per- 
fect recollection  of  the  waN  \TwVv3ev^^» 
force  sho^M  ad  ooiAcianaJC^^  Va  ^^c^fc  "c^^ 
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above  stated.    Amf^re  has  hit  upon  an 
inKenioiis  device    for    imprinting   this 
rule  more  iirmly  in  the  memory,  and 
enabling  us  to  apply  it  under  a  great  di- 
versify of  circumstances.    The  electric 
currents  are  not  only  characterized  as 
positive  and  negative,  and  as  flowing  in 
one  or  other  of  two  directions  along  the 
wire  that  conducts  them,  but  may  be 
actually  personified  and  conceived  as 
endowed  with  a  head  and  feet,  with  a 
free  and  back*  and  with  a  ricrht  and  a  left 
hand.     In  order  to  tuin  this  idea  to  the 
best  account,  and  being  at  liberty  to 
choose,  with  respect  to  the  various  kinds 
of  conditions  belonging  to  the  subject, 
one  or  other  of  two  alternatives,  we  shall 
•elect  in  each  case  those  which  seem 
naturally  entitled  to  the  preference :  and 
it  fortunately  happens  that,  on  combin- 
ing these  conditions  so  selected,  they 
accord  exactly  with  nature,    and  are 
therefore  well  calculated  to  answer  the 
purpose  of  a  kind  of  artificial  memory. 
(25  )  First,  it  is  more  natural  to  fix 
our  attention  on  the  current  of ptjsitive^ 
than  of  negative  electricity.    Secondly, 
in  a  vertical  wire,  a  descending  current 
will  occur  to  us  more  readily  than  an 
ascending  one :  or,  if  we  imagine  our- 
selves borne  along  by  the  current,  it 
would  be  more  natural  to  conceive  our- 
selves moving  with  our  feet  foremost ; 
but  if,  on  tlie  contrary,  we  suppose  our- 
selves to  be  at  rest,  we  should  conceive 
the  current  to  Ixj  passing  from  our  head 
to  our  feet.  Our/ace  would,  of  course,  l>e 
turned  towanUthe  magnetic  pole  to  which 
we  are  directing  our  attention ;  we  should 
attend  to  the  north  pole  in  jxreference 
to  the  south ;  and  the  movement  with 
which   we   are   most   familiar,   is   that 
which  we  perform  with  our  right  hand, 
as  in  writini?  for  instance,  that  is,  from 
left  to  right.     Combining  these  condi- 
tions,  then,  we  may  always  recollect. 


that  if  we  conceive  oyrtehee  iifhtg  tm 
the  direction  of  the  cwrret^^  the  stream 
of  positive  eiectriciiy  fkneing  ihrotifpk 
our  head  toirarde  our  feet,  wiik  the 
magnet  before  us,  the  north  pole  of  thai 
magnet  will  he  directed  iowarde  ow 
right  hand.  If  any  one  of  these  condi- 
tions be  reversed,  the  result  is  reversed 
likewise. 

(26.)  The  action  of  the  condocking 
wire  on  the  pole  of  a  magnet  is  necessa- 
rily accompanied  by  a  corresponding 
and  op])Osite  action  of  the  magnet  on 
the  wire.  When  the  wire  impels  the 
pole  from  U'ft  to  right,  the  pole  impeb 
the  wire  from  riirht  to  left,  and  vice 
versd.  Thus  we  have  seen  that  a  posi- 
tive current,  descending  along  a  wvff, 
of  which  Vffjig.  9  A,  represents  the  see- 

Fig'  9. 
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tion  by  a  horizontal  plane,  urges  the 
north  pohe  N  to  the  ri^nt,  in  the  direc- 
tion N  n,  but  the  wire  itself  is  also  urured 
in  the  direction  W  fr,  to  the  left.  The 
contrary  action  takes  place  between  the 
south  pole  S,f^.  9B,  so  that  if  either 
pole  of  a  magnet  were  fixed,  and  the 
wire  moveable,  the  motion  of  the  latter 
would,  as  in  the  case  we  have  already 
considered,  be  circular,  and  the  force 
which  impels  it  tansrential.  This  \i 
shown  in  fgs,  10  and  11,  where  ;>n.  fvt, 
&c.  show  the  successive  positions  of  the 
wire  urijjed  to  move  in  the  direction 
shown  by  the  arrows,  by  the  influence 
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of  the  north  or  south  poles  N  or  S.  direction  to  that  exerted  by  the  other. 
The  influence  exerted  on  the  same  cur-  When  the  currents  are  reversed,  all  the 
rent  by  the  one  being  in  the  opposite    effects  just  described  are  again  rcvciMiL 
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It  b  also  to  tie  observed,  tltat  the  mo-  Chapter  IV. 
tion  of  ttie  wire,  whatever  \x  its  relative  2),>«rf  eontequmeet  of  the  Law  of  EUc- 
posihon  to  the  mwfnet,  ,s  always  moved  tro-magneti  Action.  ^ 
parallel  to  itself ;  that  is,  in  the  direction  ^ 
of  a  line  at  right  anrfes  to  it.  <28.)  Let  us  now  inquire  into  the 
(27.)  The  direction  of  the  electro-  consequences  of  this  law.  So  different 
magnetic  force  being  thus  determined,  '»  ^^^  action  of  the  electro-magnetic 
we  have  next  to  ascertain  the  exact  force  from  that  of  the  other  forces  in 
law.  according  to  which  its  intensity  nature,  with  the  effects  of  which  we  are 
varies,  with  relation  to  the  distance  of  ""ore  familiar,  that  a  particular  train  of 
the  electric  current  from  the  point  on  investiaration  is  required,  in  order  to 
which  it  acts.  The  most  reasonable  ^^^^  »^s  «act  operation  under  every 
conjecture  we  can  form  on  this  subject,  combination  of  circumstances.  It  is 
prior  to  experimental  investigation,  is.  not  easy,  even  in  the  simpler  cases, 
that  this  lawis  the  same  with  that  which  where  a  single  magnetic  pole  is  sub- 
is  followed  in  the  case  of  electric  and  jected  to  the  action  of  a  conducting 
magnetic  actions,  namely,  that  the  in-  ^i^^j  at  once  to  pronounce  upon  the 
tensity  of  the  force  is  every  where  precise  motion  that  will  result,  espe- 
inversely  as  the  square  of  the  distance,  cially  if  the  motion  of  the  magnetized 
But  if  this  be  the  real  law  of  action,  it  *>ody  is  limited  to  a  fixed  plane,  and  re- 
must  apply  to  the  elementary  portions  "drained  to  mere  rotation  ;  but  the  diffi- 
of  the  two  agents  which  thus  mutually  c^^^X  i*  ninch  increased,  when,  as  most 
act  apon  each  other ;  or,  to  adopt  the  frequently  happens  in  actual  experi- 
more  convenient  language  of  theory,  it  "^^nt.  the  investigation  is  complicated 
must  obtain  only  among  the  elementary  ^y  the  necessity  of  including  the  com- 

S articles  of  the  electric  and  magnetic  "ined  actions  of  several  poles  of  dif- 

uids.     In  the  magnet,  the  action  of  the  Cerent  kinds.    The  only  mode  of  ob- 

latter  may  be  regwded  as  concentrated  taming  clear  views  of  the  subject  is  to 

in  the  points,  which  are  the  poles  of  the  examine  the  several  cases  in  their  order 

magnet ;  but  in  the  conducting  wire,  the  of  simplicity,  commencing  with   each 

electric  fluid  which  is  passing  through  force  taken  singly,  and  afterwards  stu- 

it,  acts  in  an  equal  degree  along  the  <Jying  their  several  combinations. 
whole  line  of  its  motion ;  and  admitting 

the  hypothesis  of  the  action  being  in-  (1.  EffecUon  the  Directive  Property  of 
▼ersely  proportional  to  the  squares  of  a  Magnetic  Needle, 
thedistanoes  of  each  individual  particle,  (29.)  Confining  our  attention,  then, 
we  have  to  deduce  the  law  which  wil  fo,  the  present,  to  a  single  magnetic 
result  from  the  combined  actions  of  all  poi^^  the  north  pole  for  instance,  we 
the  points  of  a  line  directed  upon  a  {,ave  to  examine  the  effecU  produced 
point  out  of  that  line.  Now.  it  mav  be  ^pon  it  by  a  conducting  wire  of  indefi- 
mathematically  demonstrated,  that  if  the  nite  length,  acting  upon  it  with  a  tan- 
line  m  question  be  perfectly  straight,  jj^  ^^ce  inversely  proportional  to 
and  Its  length  be  exceedingly  great  in  \^  distance,  when  the  movements  of 
proportion  to  the  distance  of  the  point  ^h^i  wire  are  limited  to  the  circumfer- 
on  which  it  acts,  then  the  intensity  of  gn^e  of  a  circle,  in  a  given  plane,  per- 
action  will  be  inversely  proportional,  pendicular  to  the  wire.  The  case  under 
not  to  the  square,  but  to  the  simple  dis-  consideration  may,  in  a  great  measure, 
tance  of  the  point,  so  that  at  three  times  ^^  exemplified,  by  placing  a  magnet, 
the  distance,  for  example,  the  force  g^^  y^.  12,  on  a  flat  support,  AB, 
shall  be  one-third,  at  four  times  the  resting,  at  its  centre,  on  the  pivot  P, 
distance,  one-fourth,  and  so  on.  That  ^^d  balanced  by  a  counterpoise  at  the 
this  law  is  conformable  to  observation,  opposite  end,  so  that  the  south  pole,  S, 
has  t>een  proved  by  the  experiments 

conducted  by  Biot  and  Savart,  in  which  Fig,  12. 
the  intensities  of  the  force  at  different 

distances  were  accurately  ascertained,  i^ 
by  observing  the  numl)er  of  osciUatiods 
performed  by  tho  needle  in  a  given  time, 
and  taking  the  squares  of  those  num- 
bers. 
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llie  ,:.ntre  o(  molioS.  ih,  mol.on  of  Ih.  tor  ».»  b.  delom»J 

eledrical  ciimnt  upon  the  pole  S,  can    Ibe  north  pole,  N.  *.   i. 

Iia»e  no  Influence  In  lurning  the  bar,        (30)   Let  A  B  C  D  M  N  O.  ,^.  !», 

Fig-". 
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be  ihe  horizontal  drcle  in  which  the 
needle  NS  r^olves,  S  bein^  the  centre 
of  ils  revoliilion ;  and  let  W  be  the  ho- 
rizontal section  of  Ihu  conJucting  wire, 
ivliich  acis  upon  the  neeilie,  and  alonff 
Hliich  the  positive  electric  current  is 
ili-sceiuhng.  In  every  position  of  the 
r.etfiile,  the  tanoenlial  force,  acting  upon 
the  pole  in  the  cireumffrence  of  the 
circle,  takes  the  direction  of  a  line  to 
Ihe  riirht  hand,  perpendicular  lo  that 
which  connects  the  pole  and  the  wire. 
At  D,  Ibr  instance,  it  has  Ihe  direction 
of  the  line  Dd.  perwndicular  to  DW. 
lis  tendency  lo  produce  rotation  in  the 
needle,  by  turning  it  round  S,  will 
be  proportional  lo  the  cosine  of  the 
angle  formed  between  WD  and  the  ra- 
dius DS ;  or  it  may  be  represented  by 
the  line  S  d,  drawn  parallel  to  WD,  and 
meetini;  the  perpendicuUr  D  (t,  to  which 
it  is,  of  conrse,  also  perpendicular;  for 
it  will  readily  he  seen,  that  the  rotatory 
efTect  of  Ihe  force  we  are  considering 
is  Ihe  same,  whether  applied  on  ttie 
needle  at  D,  or  at  d.  on  the  arm  of  a 
lever  Sd,  rifjiilly  connected  with  the 
needle.  The  needle,  then,  will  lie  urged 
by  this  force  to  move  towards  V,  and  as 
the  len^ih  of  the  lever  by  which  it  acts 
continually  increases  until  it  reaches  tliis 
point,  so  also  will  the  rotatory  power 
increase.  After  the  needle  hai  passed 
V,  it  will  a<rain  diminish ;  when  it  comes 
fi;  M.  ils  ueasurc  is  S  m,  hi\d  on  artiv- 


mg  at  N,  where  the  pnition  of  At 
needle  NS  i«  »t  riRht  anglw  to  NW. 
it  is  reduced  to  nothing.  This,  there- 
fore, will  be  a  position  of  equilibrium, 
and  the  equilibrium  will  be  a  stable  one, 
for,  on  disturbing  the  position  of  the 
needle  hy  pushing  it  onwards  to  O,  for 
example,  llie  rotatory  force,  in  this  new 
position,  acts  upon  il  t^  the  lever  So, 
on  the  opposite  side  of  3  ra,  and,  there- 
fore, tends  to  give  it  rotation  in  Ihe  con- 
trary direction ;  that  is.  to  bring  the 
pole  of  the  needle  back  fiKain  lo  N. 
After  [wrforming  a  few  oscillations,  the 
"     will,   therefore,  finaJly    settle  in 


the  position  SN 


,)  When  the  arcs  of  vibration  are 
small,  the  forces  which  tend  to  brio; 
the  needle  to  its  point  of  rest,  are  verj' 
nearly  proportional  to  the  arcs  them- 
selves; so  that,  in  this  respec',  ii> 
movements  are  governed  by  the  same 
law  as  those  of  a  pendulum.  The)'  ac- 
cordini;ly  furnish  very  aecvirale  means 
of  determining  the  comparative  intensi- 
ties of  the  electro*maEnctic  forces  which 
act  upon  the  same  needle  under  different 
circumstances  of  distance  from  the  wire, 
or  of  intensity  of  llie  electric  current, 
for  the  force  will  always  be  projiortionsl 
to  the  square  of  the  number  of  oscilla- 
tions which  the  needle  perform)  in  a 
given  time. — (See  Trealite  on  Magnet- 
Um,  $  320.) 
(3li.)  When  the  needle  is  still  fuHhcr 
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deflected  to\\'ards  the  wire,  the  force  that  the  arc  BUN  is  very  small,  compared 
tends  to  bring  it  back  to  the  position  of  with  BVN  ;  yet,  if  the  needle  be  placed 
rest  increases  till  it  reaches  its  maximum  ever  so  little  on  the  other  side  or  B,  it 
at  the  position  SU,  where  the  needle  will  hnmediately  recede  from  that  point, 
points  directly  to  the  wire.  Carrying  it  as  if  repelled  by  the  wire,  and  will  pro- 
still  further  to  the  left,  the  rotatory  force  ceed  to  describe  the  larger  portion  or  the 
again  diminishes,  till  it  arrives  at  the  circle,  in  order  to  arrive  at  N,  a  position 
position  BS,  perpendicular  to  BW,  which  it  might  have  reached  by  a  much 
where,  being  directed  to  the  exact  centre  more  direct  course  had  it  described  the 
of  motion,  it  is  reduced  to  nothing.  This  arch  BUN. 

position  of  the  needle,  therefore,  is  also  (34.)  The    singular  preference  thiu 

one  of  equilibrium;  but  it  differs  from  shown  by  theneealeforavery  circuitous 

the  former  in  being  an  unstable  equi-  path,  in  reaching  its  destination,  when 

librium  ;   for    if  the    needle    l>e    (lis-  it  api)eared  free  to  take  the  shorter  line 

turbed  ever  so  little  from  its  position  that  leads  to  it,  appeared  exceedingly  ]  a- 

on  either  side,  it  will  acquire  a  ten-  radoxical  to  those  who  first  observed  it, 

dency  to  proceed  onwards  in  that  direc-  and  excited  much  astonishment.    But 

lion,  and  will  move  away  from  the  point  the  explanation  we  have  given  shews 

B.    At  A,  for  instance,  the  rotatory  clearly  that  it  is  nothing  more  than  the 

force  acts  upon  it  by  the  lever  S  a,  urging  direct  result  of   the    peculiar  law    of 

it  towards  U,  and  causing  it  ultimately  electro- magnetic  force,  which  is  charac- 

to  settle  at  N.    At  C,  again,  it  is  urged  terized  by  the  tangential  direction  of  its 

towards  D  by  a  similar  force,*  propor-  agency. 

tional  to  S  c,  and  which,  increasing  as  (35.)  If  the  wire  be  supposed  to  pass 

the  needle  advances,  carries  it  to  V,  and  through  the  circumference  itself,  as  m 

finally  brings  it  round  to  N.  fig,  15,  that  i>ortion  of  the  circumfer- 

(33.)  It  may  here  be  remarked,  that 

the  rotations  of  the  needle  are  in  oppo-  Fig.  15. 

site  directions  in  these  two  portions  of  ,,- ,. 

the  circumference;  for,  in  the  remote  y' 

part,  BVN,  the   motion  is  similar  to  /*  ^                  .  \ 

that  of  the  hands  of  a  watch ;  in  the  /                            ^  \ 

nearer  part,  BUN,  it  is  in  the  contrary  /                                   \ 

direction.     The    lines  WB  and  \VN,  w^^^^s                 ! 

drawn  from  W  to  the  points  where  the  \^                                 \ 

needle  is  in  equilibrium,  being  at  right  \ 

angles  to  the  respective  radii  BS   and  \  .^               ^  / 

NS,  are  tangents  to  the  circle  at  B  and  * -^ij^             y 

N,  and  the  circumference  is  divided  by  '* "* 

these  points  into  two  unequal  portions,  once  BN,  which  was  comprehended  be- 
so  that  the  needle,  in  passing  from  B  to  tween  the  two  tangents,  and  in  which 
N,  by  the  operation  of  the  tangential  the  needle  was  urged  to  turn  in  a  direc- 
force  emanating  from  W,  as  indicated  tion  contrary  to  that  of  its  revolution  in 
by  the  arrows  in  the  figure,  Ijas  to  tra-  the  rest  of  the  circle,  is  now  reduced  to 
verse  a  longer  distance  when  moving  in  a  mere  point ;  and  the  needle,  when 
the  remote  than  in  the  nearer  part  of  placed  ever  so  little  to  the  left  of  that 
the  circle.  The  disproportion  between  point,  will  move  round  the  entire  circle, 
these  two  arcs  continually  increases  as  and  even  when  it  arrives  at  this  point, 
the  wire  is  brought  nearer  to  the  circle,  can  hardly  be  said  to  settle  there,  for 
When  very  near,  as  shown  in  fig,  14,  the  sliglitest  movement  in  the  same  di- 
rection will  again  place  it  under  the 
-''W-  ^^'  influence  of  the  same    impulse,  which 

..--"■  '^ will,  therefore,  carry  it  round  a  second 

/     ^^  time.    The  very  momentum  it  has  ac- 

J^:;*  quired  in  this  motion  will  be  sufficient 

•'  ^^^  *°  transport  it  beyond  this  neutral  point, 

'  •  u     ^^^  «              \\  ^  and  to  maintain  it  in  a  state  of  perpetual 

\\%. "^^ )j  ;V  revolution.    Should  the  wire  be  actually 

\    ^r  within  tire  circle,  as  iny^g.  16,  then  the 

»                \l^^  rotatory  force  will  remain  constantly  hi 

^\    ^                   .••'  the  same  direction  in  every  5^\V  ^  >^^ 

''••'^.^         ^-•••'  circle,  atid,  accotO^w^  Vo  Vwtvst>\^  ^^ 
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needle  will  revolve  in  perp^uity  in  the 
name  constant  direction.  It  is  obvious, 
however,  that  in  the  circumstances  under 
which  an  experiment  of  this  kind  can 
be  made,  this  can  never  happen,  because 
the  wire  being  a  solid  substance,  and 
passing  perpendicularlv  through  the 
plane  of  the  circle  in  which  the  needle 
turns,  its  presence  must  arrest  the  mo- 
tion of  the  needle  as  soon  as  it  comes 
in  contact  with  it.  The  only  position 
which  the  needle  can  take,  therefore,  is 
t  hat  of  resting  against  the  wire  in  the 
manner  represented  in  fg,  16.    In  any 

Fig.  16. 


\ 


other  part  of  the  circle,  it  will  move  on- 
wards in  the  direction  indicated  by  the 
arrows. 

(36.)  Having  thus  investigated  the 
action  of  an  electric  current  on  a  single 
pole,  we  are  now  prepared  for  the  consi- 
deration of  its  combini'd  action  upon 
the  two  opposite  poles  of  a  magnetized 
needle,  balanced  in  the  ordinary  way 
on  its  centre.  In  this  case,  the  cun-ent, 
descending  through  the  wire  W.  fig.  }  7, 

Fig,  1 7. 


indicated    by   the   airowi  jplaeed   il 
these  points.    When. the  neeue  is  in  tht 
position  SN,  at  right  anglet  to  the  lint 
WC,  the  rotatory  forces,  \mag  direeted 
perpendicularly  to  WS  and   WN.  u 
indicated  bv  the  arrows,   oppose  ooa 
another,  and  acting  l>v  the  levers  C«  and 
Cn,  which  are  equal  in  kn^h,  are  in 
exact  equilibrium.    The  equilibrium  is 
stable,  as  will  be  evident  from  conNider- 
ing  that  the  displacement  of  S,  in  the 
direction  of  D,  mcreases  the  length  of 
the  lever  C«,  while  the  accompanying 
motion  of  N  towards  E,  diminishes  the 
length  of  Cn.    The  force  represented  by 
the  former,  will,  therefore,  preponderate 
over  that  represented  by  the  latter,  and 
will  carry  back  the  pole  8  to  its  foroer 
situation.     The  same  wouM  happen, 
were  the  displacement   made   on  the 
other  aide  of  8,  for  in  that  ease,  the 
force  which  impels  the  pole  N  would 
have  the  advantage  over  that  which  ads 
on  the  pole  8,  and  would  restore  the 
needle  to  its  position  of  rest  8N.    TMs 
opposition  of  forces  occurs  when  the 
needle  is  situated  any  where  l)etween  the 
lines  AB  and  DE,  which  are  respedivdtf 
perpendicular  to  the  tangents  to  the 
circle,  WA  and  WE ;  for,  in  either  of 
these  situations,  AB  or  DE,  the  rotatory 
force  exerted  in  one  of  the  poles,  is.  as 
we  have  before  seen,  $  30,  reduced  to 
nothing.     Beyond  these  positions,  the 
rotatory    force  changes    its    direction, 
so  that  in  any  part  of  the  arcs  APE, 
and  DQB,  the  forces  acting  upon  the 
two  poles  conspire  in  producing  a  si- 
milar effect  of  rotation. 

(37.)  In  proportion  as  the  wire  W, 
^g.  18,  is  brought  nearer  to  the  needle, 
the  arcs  ASD  and  ENB,  in  which  the 
two  forces  oppose  each  other,  form  a 
larger  poj;)ion  of  the  circle,  while  those 
in  which  they  concur,  AE  and  DB, 
become  smaller.    Here  it  may  also  be 

Fig.  IB. 


exerts  a  contrary  action  upon  the  two 
poles,  N  and  S,  of  the  needle.  When 
the  needle  is  in  the  position  PQ,  that  is, 
in  the  same  line  with  W,  these  two  con- 
trary forces,  acting  at  riirht  angles  to 
tht  radius,  and  on  opposite  sides  of 
the  centre,  concur  in  their  rotatory  ef- 
fect, and  the  needle  is  urged  by  the  sum 
of  these  forces  to  turn  in  the  direction 
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observed,  that  when  the  position  of  the 
needle  differs  much  from  that  of  SN, 
the  two  poles,  N  and  S,  will  be  at  very 
different  distances  from  the  wire,  and 
the  intensity  of  the  force  being  inversely 
as  the  distance,  the  forces  acting  upon 
the  two  poles  will,  in  consequence,  differ 
materially.  When  the  forces  concur  in 
their  rotatory  effect,  the  result  will  not 
be  affected  by  this  difference  ^  but  when 
they  oppose  each  other,  the  mcrease  of 
force  acting  on  the  nearer  pole,  will  go 
far  towards  compensating  for  the  greater 
obliquity  of  its  direction,  and  will  bring 
it  more  nearly  to  an  equality  with  the 
smaller  force,  which  acts  with  greater 
mechanical  aid  vantage  on  the  distant 
pole.  This  equality  is  actual] v  attained 
when  the  wire  passes  through  the  cir- 
cumference of  the  circle ;  for  now  the 
force  acting  upon  B,Jlg.  1 9,  in  the  direc 

1^.19. 


only  position  in  which  the  equilibrium  is 
stable,  is  that  of  NS,  the  north  pole 
beinj^  to  the  left,  and  the  south  pole  to 
the  right  of  the  wire  ;  a  position  which, 
it  should  be  observed,  is  exactly  the  re- 


tion  RS,  is  to  the  force  acting  upon  N, 
in  the  direction  RN,  inversely  as  the 
distances  WS  and  WN ;  that  is,  they 
are  as  WN  to  WS :  but  as  the  former 
acts  liy  the  lever  C  «,  and  the  latter  by 
the  lever  C  n,  which  are  themselves  in 
the  proportion  of  WS  to  WN,  they  must, 
by  the  laws  of  statics,  be  exactly  in 
equilibrium. 

To  place  the  matter  in  another  point 
of  view,  the  forces  RS  and  RN,  when 
combined  together,  produce,  as  their  re- 
sultant, the  force  RW,  which,  being 
directed  to  the  centre  of  motion  C.  can 
have  no  tendency  to  produce  rotation. 
Hence  it  follows,  that  the  needle,  what- 
ever be  its  position  in  the  circumference, 
will  appear  to  be  totally  uninfluenced  W 
the  wire ;  the  action  of  the  latter,  on  both 
poles,  exactly  balancing  each  other. 

(38.)  This  sta^e  of  equilibrium  no 
longer  remains  when  the  wire  is  within 
the  circle.  Jig.  20.  It  will  now  be  found, 
that  in  no  position  of  the  needle  do  the 
two  forces  conspire  to  produce  the  same 
rotatory  motion,  and  that  they  oppose  one 
•Bother  in  every  part  of  the  circle.    The 


verse  of  that  which  the  needle  assumes 
when  the  wire  is  out  of  the  circle,  as 
in  /igs,  17  and  18.     When  disturbed 
from  this  position,  and  brought  to  n'  ^, 
for  example,  the'  force  urging  the  pole 
n\  wbich  is  nearest  to  the  wire,  becomes 
more  effective  than  trhat  acting  upon  the 
more  distant    pole  s',  and,  therefore, 
brings  back  the  needle  to  its  station. 
But  if  the  pole  N  were  placed  on  the 
opposite  side  of  the  wire,  as  at  n\  the 
tangential  force  which  carries  it  towards 
the  wire,  is,  here  also,  more  effective 
than  that  which  acts  upon  the  distant 
pole  ^,  and  which  tends  to  move  it  in 
the  contrary  direction ;  the  needle,  there- 
fore, strikes  against  the  wire,  and  beinfr 
unable  to  pass  it,  remains  in  contact 
with  it.     If  the  needle  be  carried   still 
further  from  the  wire,  however,  the  su- 
periority of  this  force  will  continually 
diminish,  and  cease  entirely  \ahcn  the 
needle  is  in  the  transverse  position  SN, 
shown  in  Jig.  21,  where  the  two  ]>oles,  S 
and  I^,  are  equi-distant  from  W.    Here 
there  is  again  an  equilibrium,  but  it  is  of 

Fig.  21. 
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the  iinstahle  kind,  for  as  soon  as  N  is  The  line  «/  is  that  in  which  an  equili- 

removcd  further  from  the  wire,  the  force  brium  obtains.  When  the  wire  i&  in  any 

actinia  on   S  tjains  tlie  advantage,  and  continuous  part  of  the  Hne  ef^  namely 

turns  the  needle  round  till  its  revolution  CF  and  E  e^  the  equilil^rium  is  stable; 

is  arrested  by  its  coming  against  the  when  in  any  of  the  dotted   parts  E  C 

wire,  in  the  position  .v/i.  or  Fy.  of  the  same  line,  unstable;  on 

(39.)  Although,  strictly  speakinj:,  the  the  line  *«.  the  action  is  at  the  maxi- 

tangential  force  exerted  by  an  electrical  mum.    The  letters  a, a,  a^a^   show  the 

current  upon  either  pole  of  a  mas^ne^,  spaces   where    an   apparent    attraction 

has  no  tendency  to  cause  the  ix>le  to  takes  place  between  the  wire  and  \\^ 

approach  to,  or  recede  from  it,  and,  nearest  pole,  when  the  former  is  sit  uateJ 

therefore,  does  not  possess  the  character  in  the  respective  spaces  l)ounded  by  the 

either  of  an  attractive  or  of  a  repulsive  above  lines  ;   and  r,  r,  r,  r,  the  s[>act3 

force,  yet  the  movements  of  a  needle,  in  where  there  is  apparent  repulsion.  Thf%«r 

the  circumstances  we  have  just  iK-eu  con-  latter  spaces  are  shaded  for  the  sake  of 

siderin^,  often   resemble  those   of  at-  distinction.    Thus  within  the  quadrant 

traction  and  repulsion.     Ihit  if  viewed  SCE  there  is  apparent  attraction  of  thr 

with  reference  to  such  a  cause,  they  pole  S ;  in  the  shaded   quadrant  SCF 

would  appear  exceedingly  anomalous;  there  is  an  apparent  repulsion  of  that 

and   accordingly  the    sudden    chanires  pole;  in  the  shaded  quadrant  EC. V, the 

from  attraction  to  repulsion,  which  take  pole  N  moves  from  tne  wire;  in  NCK, 

place  from  a  slight  alteration  in  the  re-  towards  it.     In  the  spaces  exterior  to 

lative  positions  of  the  wire  and  needle,  the  circle  the  actions  are  exactlv  the 

appeared  to  the  earlier  experimentalists  reverse  of  those  in  the  interior;  in  the 

to  be  very  capricious  and  unaccountable,  shaded  space  bounded  by  «  S,  0  E,  kiA 

(40.)    In   order  fully  to  understand  the  circumference,  the  action  in  S  is  ap- 

these  transitions,  we  may  arrange  the  parently  repulsive;  in  the  white  spaii- 

results  of  the  preceding  invest i<::\t ion,  on  the  other  side  of  S,  bounded  by  th< 

as  they  refer  to  anyone  given  position  lines  8*.  F/,  and  the  circumference,  it 

of  the  needle  SN,  /7^'.  22,  varymg  the  is  attractive;  and  the  contrar\' obtams 

p.      , ,  with  i-cirard  to  the  spaces   on  the  other 

''•^ side  of  the  linear/ 

(  2.  MovemenU  ttf  the  Magnetic  Stfi^Vr- 
infrtfC  s}H.ice. 
(41.)  In  the  preceding  investij»aliiin 
our  attention  has  been  exclusively  di- 
rected to  the  determination  of  the  effects 
of  the  electro- niairnetic  forces  on  a  masr- 
netiz  (i  needle,  so  resiricfed  in  its  motion 
as  to  he  capable  of  only  turnin:;  on  its 
centrt» ;  and  we  have  had  to  cv)nsidiT 
only  the  forces  which  tended  to  produce 
the  rotation  of  the  needJe.  A  part  of 
the  forces,  however,  which  act  on  the 
poles  is  exerted  in  anotlier  direct  ion,  ami 
would,  were  the  needle  at  Hberty  toohej" 
them,  occasion  the  displacement  of  (he 
whole  needle,  that  is.  would  produce  a 
motion  of  its  centre.  The  neeille  hein^ 
position  of  the  wire  only,  and  we  shall  confined  by  its  pivot,  the  only  effid 
then  find  that  the  lines  which  form  the     produced  by  these  forces  is  pressure  uis-n 


IS 


■? 


t* 

^-t^  1    a    ;.--.- 

^^-1       -  T^M                      rf^E^-    •        •   ■ — 

^^  .  — -^J              ^  ^  —■                      —    --  --  — — ■•     .      i* 

"i^rl-.— ■*■"-.-.       -.'.          .■■-.: — : 

a                      ^> ;.  ^ =-■  ■=—.-::  -r =- 

■: -^ -r  ■•**.- =-^--  -^^ 

Tt'^r^r^     ^-J-----..rr^"  =r-- 

l>rolonged  axis  of  the  needle  //  .v.  ami  manifest ;  the  motion  of  the  centre  of 
another  line  crossing  it.  at  the  centre,  at  the  needle  being  determined  in  its  quan- 
najht  ancrles.  /»/.  The  circumference  tity  and  direction  by  the  magnitude  an*l 
i/Jdicates  the  posiUous  of  U\c  wwe  wlwjiv  direction  of  the  resultant  forS  estimatrti 
no  apparent  effect  is  produced  oyv  VW  \^^  x^ilvixxvwz,  >\\t  v^i^i  ^^m^vvent  foicei 
needle,  or  the  positions  ol  tvviw\xA\\V.^.   VviN\\^\.V^\vx, 
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hen  the  conducting  wire  W,  act  from  the  wire ;  and  the  other  is  that, 
situated  in  any  part  of  the  line  *  the  angles  they  form  with  one  another 
j^..     ^»  become  more  obtuse  as  that  distance 

^'^-  ^'^'  increases.      Mathematically  speaking, 

the  tangential  force  applied  to  each  pole, 
when  referred  to  the  direction  of  the 
line  joining  the  wire  and  the  centre  of 
the  needle,  is  directly  as  the  cosine  of 
the  angle  formed  between  the  axis  of 
the  needle  and  the  line  connecting  the 
pole  and  the  wire;  and  it  is  also  in- 
versely as  this  line ;  so  that  calling  the 
force  referred  to  that  direction  a,  the  dis- 
tance from  the  wire  to  the  centre  of  the 
needle  d,  the  distances  of  the  wire  from 
the  respective  poles  S  and  N,  «  and  «. 
and  the  length  of  the  needle  m ;  and  «  and 
/3  being  the  angles  between  the  axis  of 
the  needle  and  the  lines  connecting  the 
ght  angles  to  the  axis  of  the  respective  poles  with  the  wire,  we  have 
Ungential  force  acting  on  the  ^^e  following  equation  ; 
the  direction  represented  by  ^_cos.  »      cos.  /3 

at  right  angles  to  WS,  may  s  n     ' 

ed  to  be  transferred  to  the  But  as  we  have  taken  the  case  of  W 
of  the  needle,  and  to  be  re-  being  placed  on  the  line  drawn  from  the 
by  the  line  C  «.  The  force  centre  of  the  needle  at  right  angles  to 
n  N  being  in  like  manner  re-  its  axis,  the  two  angles  above  mentioned 
3y  C  n ;  the  resultant  of  these  are  equal,  and  every  part  of  the  line  is 
will  be  a  force  represented  equidistant  from  S  and  N,  that  is, 
onal  C  a  of  the  parallelogram,  «  =  /3,  and    « = n  ; 

■  andCn  for  its  two  sides,    ,  .,  4;««  u    ^^«         icos.* 

.ides  being  equal,  and  equally    ^ence  the  equation  becomes  a=-y-. 

the  line  WC.  this  diagonal  Now 

ie  with  that  line:  hence  the  _CS  __\m 

)e  such  as  to  move  the  centre  ^^^*  *"  Ws       P' 

le  directly  towards  W,  that  is.  ^hich  value  of  cos.  «  being  substituted 

will  appear  to  be  attracted  by  j^  the  former  equation,  the  formula  be- 

ler  the  current  had  followed  comes 
3  course,  or  the  poles  of  the  fn 

1  been  reversed,  the  forces  ^~T** 

8  acted  in  the  opposite  direc-  ^^at  is,  the  force  of  apparent  attraction 

rould  have  been  represented  j,  ji^ectly  as  the  len^h  of  the  needle. 

'r^  u^  ?  ?i:  ^"^J"**"^  ^  P*^"  and  inversely  as  the  square  of  the  dis- 

of  which  the  diagonal  is  C  r,  ^^^^^  ^^  ^^^  wire  from  each  pole, 

a  motion  of  the  centre  of  the  ^44^  i^  order  to  estimate  the  attraction 

"J  .     ""^^1    ,      /*«*«™^""«  with  relation  to  the  distance  of  the  wire 

This  effect  also  takes  place  ^^^^  ^^g  centre  of  the  needle,  or  d,  we 

Driginal  circumstances  of  the  ^^^^  substitute  for  *•  its  equal  d«+4  »i» : 

t  when  the  wire  is  on  the  other  3^  ^^^^  ^he  formula  becomes 

needle,  that  is,  in  any  part  of  ^ 

W  ;  so  that  the  needle  will  a=^  ,     — j. 

STIiif  .nH  Sm  nj;  Ih!    But  When  the  distance  of  the  wi«  is 
ne  side  and  repeUed  on  the    ^^  ^^^^  compared  with  the  length  of 

le  intensity  of  the  force  which  «»>«  "**«"«•  ^  ^^^^^U  «•  «»y  ^'^'y 

s  the  needle,  either  towards  be    neglected ;    and    —  may  be  taken 
e  wire,  diminishes  as  their  dis-  '  "* 

ncreased.    Two  causes  con-  without  any  sensible  error  aa  IVsfe  <«.- 

•reduce  this  diminution  ;   the  pression  of  the  ^AVtwiVxNe  \cstcft, 
;  the  component  forces  them-       (45.)  This  maY\»<iXvw\mtT^j^\vJ^^ 

mvenely  proporfionaT  to  the  trated  by  auspexv^m^  a  tDA.^^Vtfi  ^^^^ 

7/  the  points  on  which  they  SN,/g.24.  from \Va  wiVwXi^  ^\Xix«*»^ 
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NO  that  it  may  be  balanced  horizontally,  the  same  thin?,  when  b  voy  shfft 
and  bringing  it  within  a  certain  distanccr  needle,  «  n,  is  tiJcen  and  carried  tomi 
of  a  verticafconductir^  wire  P  yi ;  if  the  the  wire  P  N,/^.  25,  in  a  circle,  its  polei 
electrical  current  be  descending  in  that    will  always  preserve  the  same  rriatin 

situation,  as  indicated  by  the  lettenii 
the  figure,  each  being  tamed  in  tin 
direction  in  which  they  are  respeetifdf 
urged  to  move  round  the  cireumfeiaiee 
by  the  tangential  force.  But  the  (n- 
dency  to  approach  the  wire  will  be  qaite 
insensible,  in  consequence  of  the  aiif Ic 
formed  by  the.  directions  of  the  tvo 
forces  being  so  nearly  equal  to  two  right 
angles. 

(47.)  When  the  wire  is  placed  in  any 

Kart  of  the  circumference  of  the  circle, 
aving  for  its  centre  the  centre  of  the 
needle,  and  passing  through  the  poles, 
the  resultant  of  the  two  forces  C#  and 
On  (f^,  26),  has  the  exact  direction 
of  the  line  CW;  and  therefore,  neither 

Fig.  26. 


wire  the  needle  will  place  itself  so  that 
the  north  pole  N  will  be  to  the  right,  and 
the  south  pole  to  the  left  of  a  s()ectator 
conceived  to  be  placed  in  the  situation 
of  the  wire  and  looking  towards  the 
needle,  as  shown  in  the  figure ;  whereas 
if  the  needle  be  before  the  wire  as  at 
N'S'  the  poles  will  have  a  reverse  po- 
sition. In  both  cases  the  needle  will  bo 
impelled  towards  the  wire,  as  shown  by 
the  inclination  of  the  thread  by  which 
it  is  sus))ended. 

(16.)  When,  on  the  other  hand,  the 
needle  is  removed  to  a  considerable  dis- 
tance from  the  wire,  or  what  comes  to 

Fig.  25. 
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in  this,  nor  in  the  preceding  case,  ii 
IIktu  any  rotatory  force  in  0{>eniti0ii. 
Hut,  in  the  present  case,  the  force  CW 
biing  oblique  to  the  axis  of  the  needk 
SN,  a  part  of  that  force  is  exerted  in 
moving  the  needle  in  the  direction  of  its 
length,  from  C  towards  S.  and  m  bnn«- 
inq:  the  centre  C  opposite  to  W ;  so  thit 
it  will  not  rest  until  that  centre  come< 
in  contact  with  the  wire,  as  shown  in 
Jig.  27.  A  similar  tendency  in  the  cen- 
tre of  the  needle  to  move  towards  the 
wire  takes  place  in  all  other  situation 

Fig.  27. 
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of  the  wire  on  that  side  of  the  needle ; 
but  the  direction  of  f  he  motion  produced 
it  more  or  less  oblique  to  the  line  con- 
ncctini;  the  centre  of  the  needle  with 
the  wii-e.  This  direction  may,  in  all 
eases*  be  easily  found  by  drawing  the 
lines  C«  and  Gn  (fig.2H),  respectively 
perpendicular  to  WS  and  WN,  and  com- 

FUsr.  28. 


tion  required.     This  will  appear  from 
the  following  demonstration : — 

Fig,  29. 
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pleting  the  parallelogram  C  i  an;  of 
which  the  diagonal,  Ca,  will  be  the 
direction  of  the  resultant  force  acting 
upon  C.  For  the  forces  at  S  and  N, 
being  inversely  as  the  distances  WS  and 
WN,  are  in  the  ratio  of  WN  to  WS, 
which  is  equal  to  the  ratio  of  the  sines 
of  the  opposite  angles  WSC  to  WNC  of 
the  trianirle  WSN  ;  that  is,  in  the  ratio 
of  C  #  to  C;i,  \\hich  are  the  actual  sines 
of  those  angles  with  the  equal  radii  SC 
and  NC.  The  lines  d  and  C/i  will, 
therefore,  correctly  represent,  both  in 
their  directions  and  in  their  relative  pro- 
portions, the  tangential  forces  in  ques- 
tion. 

(48.)  The  actions  exerted  between  the 
wire  and  the  poles  of  the  needle,  are,  as 
we  have  seen,  reciprocal ;  the  wire  being 
urged  by  a  force  equal  in  intensity,  and 
parallel  in  its  direction,  to  that  which 
acts  upon  the  centre  of  the  needle; 
hence  the  determination  of  this  resultant 
force  will  also  give  us  the  measure  and 
direction  of  the  resultant  of  the  two 
forces  which  act  upon  the  wire.  Thus 
the  needle  SN,  fig.  28,  being  urged  by  a 
force  represented  by  Ca,  the  wire  W 
will,  in  like  manner,  be  impelled  by  a 
force  represented  by  the  line  W  w,  equal 
and  parallel  to  C  a,  but  having  an  oppo- 
site direction. 

(49.)  The  direction  of  the  force  im- 
pelling the  wire  by  the  joint  action  of 
the  poles  of  the  needle,  may  be  found 
geometrically,  by  describing  a  circle 
\\  b  S  r  N  a.  Jig.  29,  which  shall  pass 
through  the  position  of  the  wire,  and 
mJ.<9o  through  the  two  polen ;  for  the  dia- 
nwter  IV r  of  tiiBt  drcte  wiU  be  the  direc- 


Through  S  and  N  draw  S  r  and  N  r, 
respectively  [)erpendicular  to  WS  and 
WN,  and  which  will,  of  course,  meet  at 
r,  the  extremity  of  the  diameter  Wr; 
and  through  W,  draw  W*  and  Wn, 
parallel  respectively  to  r  N  and  r  S. 
meeting  them,  when  produced,  in  «  and 
It,  and  forming  a  parallelogram,  of  which 
W  r  is  the  diagonal.  The  triangle  W  r  #, 
or  its  equal,  Wrn,  is  similar  to  the 
triangle  WSN,  because  the  angles  WNS 
and  W  r  S,  which  subtend  the  same  arc 
W6S,  are  equal;  as  also  the  angles 
WSN  and  #Wr,  or  its  equal  WrN, 
which  subtends  the  same  arc  WaN. 
The  sides  of  these  triangles  are,  there- 
fore, propomonal ;  that  is, 

WN  :  WS  : :  #r,  or  its  equal  Wii : 
W#. 

But  the  tangential  forces  impelling  W 
in  the  directions  W  n  and  W«,  from  the 
actions  of  the  poles  S  and  N,  are  in- 
versely as  the  lines  WS  and  WN ;  that 
is,  directly  as  WN  to  WS.  and  therefore 
in  the  ratio  of  the  line  Wn  to  the  line 
W#.    These  lines  will,  therefore,  repre- 
sent, in  their  magnitudes  as  well  as  in 
their  directions,  the  two  tangential  forces 
by  which  W  is  impelled;   and  conse- 
quently the  diagonal  W  r  q\V\v^ ^5ikwS^s\- 
ogram  of  wY\\cV\  \\\e^  «t^\\Nfe  iv\fe%*  at  ^Ccsfc 
diameter  ot  t\\e  c\Tc\e,yi\\\  T^^T^swe^  V^fc 
direction  ot  \V\i6  TW>iV\>wvV  latcfc\Tw  ojis*- 
tion.  ^, 


tt»  mkt  at  W,  Jig.  30,  u  impellad  bj  the 
Kg.  SO. 


tattaoM 
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teaUntnalionhlmpilled  to  nonin  tiM  the  magnetic  meridiitn,  in  eoiueqiimct 
■tlltltiuil  rf Ihf  tangf"'"*  »  wwJe  htrinp  of  the  influence  or  the  e'lirth,  will  amnin 
te  oentie  in  the  pralomtkA  oT  tbeaxu  itself  in  npoailion  intcrmediatr  bet'tcn 
«ftiMii»gn(t,udorWBditlwiBdiaiUK  this  plane  and  ttie  position  to  whidi  ii 
Mlin Tmtr— " — ' *-*—-'—  *'•- ■"-«-"—  tends Iw  the  action  of  the  elecfriccur- 
«(  iU  «mn  bom  the  two  pcdn.  Urn*  rent.  The  fjreater  tlie  intensity  of  lln 
—  -  .  •»  1-  -.—.ii— ■  t_  tiu  luier  force,  the  ^ealer  will  be  the  drv* 
tion  of  the  nettle  from  Ihe  iBundk 
meridimn;  and  both  Ihe  MiMwtJW 
the  direclion  of  the  deristimVHMp 
found  on  ui  attenlive  ou^fel^HB 
the  resullR  of  Oer«ted'a  acp0Ai^MM| 
■Iready  detailed,  to  be  exBot^anMB 
ible  to  theory. 

(S3.)  When  the  wire,  atiUkMt'iit 
faoriianlKl  position,  was  tJaeed  tm  Om^  . 
•ted  at  ri^l  etngtee  to  the  oetdfa,  mi 
over  it*  centre,  no  viiiUe  tflM  iMk 
place,  because  the  aclioni  of  th*  win 
opon  the  two  poles  were  (' 
.1  .11.  •_  t  M  JO-  ji—  balanced.  But  whenever  it 
«to d Ita  t.0  rota N  «id  S,  inlh.  „  „„,  „,  ^      ,„  „„^ 

S*^°fJ'*JS!?^'  ^  ^"-^    "*".  *•  "■<"  ■«'»  >»»»  — 
rf  nhdi  th.  crate  u  ,1  C    in  ll»    ^       ,       ^^  (h.l  pS  •«► 

."*"  ?.''  !LMS"",!'"r*Si5!'  ""line  »  '!■•  J'"""!""  ofair«ii» 

2"  S?  "bf^'J"?  ?,X^"^^  <"•)  Mr.  Bul»,  undertook  ■  .iria 

(TOjumtio  jclioo,  tbU  Ihe  rn«i»*«  «„„,'„„  „|^rti„  „„di,  ,,„„  („» 

ng.nl  10  the  I.,  of  »«™hc  utioo.  „„j„;,i„g  ,i;,';„j„  j,a.„',„,  ^|„.» 

Cbaptbb  V  (tancea,  and  deduced  from  the  IheoiT 

,              ' ,           ,  various  formulBE,  by  which  its  amoint 

Apptieahmo/  thepnnetpUtto  the  Ke-  maybe  calculated.     For  the  details  of 

jilamOton  of  partieutar /aett.  his  re.earches.  Ihe  i 

<S1.)  The  principles  we  have  derived  Mr.  Barluw'sEssay  i 

Ihun  the  preceding  inveitigation  are  the  iloni  *. 

foundatioiu  of  the  whole    science  of  (59.)  Of  the  ipeenlationi  and  hm- 

aleotro-masnetiam,  and  furnish  the  key  theses  to  wtiiefa  thete  extraordinary  IM 

to  the  expUnation  of  a  vast  variety  of  gave  rise  we  shall  defer  the  eonaideraliOB 

bets,  aome  of  which  might  appear,  with-  to  a  future  place,  and,  confiniag  oar 

out  an  accurate  attention  to  the  circum-  attention  to  the  &ets  themadvea,  m 

■tances  of  the  case,  exceedingly  anoma-  should  here  notice  the  obsmatioDa  d 

Ions  and  perplexing.    It  is  evident  that  Mr.  Faraday,  which  led  to  (be  m<M 

thay  oompletely  accord  with  the  results  itriknig  illustrationi  of  (be  thecty  tl 

obtMned  in  the  original  experiments  of  tangential  action  we  are  about  to  de- 

nrofenor  Oersted,  which  could  not  fbr  icnbe.    Mr,  Faraday  atatest  that  oa 

■oma  time  be  cleariy  undentood.  placing  tlie  wire  perptmGcularly,  sod 

(S2.)  In  these  experiments  it  will  be  bringing  the  needle  toward*  it,  in  onfcr 

iMoUected  the  wire  wa*  horiiontal,  and  to  ascmain  it*  pontiona  of  attraoMoa 

applied  dlher  above  or  below  the  needle,  and  repulsion  with  rqjud  to  the  *ii<i 

and  in  a  direction  parallel  to  it.    In  this  instead  of  finding  tbeae  to  be  four,  one 

caae  the  action  of  the  wire  is  exerted  in  aUractiva  and  one  repuUWe  for  each 

the  tangent  to  the  circumferenoe  of  a  pole,  he  found  them  to  be  eight ;  tint  a 

tertical  circle,  having  the  wire  for  its  two  attrectiveandtworcpuMvtlbr  eaeti 

,    centre ;  and  this  action  being  in  oppo-  pole.    Thus,  allowing  tha  neeiBa  to  take 
■ite  directions  upon  the  two  poles,  ■ — 


cpire  to  give  the  needle  &  mwon  lOurA 
in  axia.    But  the  wedlaiba.'nDsatata&'s 
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il«  potition  of  equilibrium  uroii  the 
wire,  «nd  then  drawing  an's;  slowly  the 
lupport  of  the  needle  from  Ihc  wire,  so 
•■  to  bring  the  nurlli  pole,  fur  inslanM, 
Dcuerto  it,  Ihrre  hbs  altraclion;  but 
on  moTing  i1  a  little  (nrlher,  so  that  the 
end  of  the  needle  whs  Ihc  paint  nearest 
1o  the  wire,  repulsion  took  ])lace,  al- 
though the  wire  was  sliU  on  t lie  same 
■ide  of  (he  needle.  When  llie  wire  was 
on  the  Other  side  of  the  same  pole  of 
the  needle,  it  repelled  it  when  opposite 
lo  most  parts  between  the  centre  and 
the  end ;  but  there  l^  as  a  small  portion, 
ftl  the  very  end,  where  Btlraction  took 

(as.)  Hg-.  31  exhibits  a  compendious 

view   of  the  relative   sitiulions  of  the 

needle  and  wire  in  Iheae  experiments ; 

JiV^.  31. 


sect  ions  of  the  wire  in  different  positions 
with  repaid  to  tiie  needle,  balanced  in 
ila  centre  C.     They  aie  marked  A  or  R, 


■^ 


the  eleclrie  current  tjeing  supposed 
to  desm-nd  alunij  Ihe  vertical  wire, 
pn,  represented  in  eleht  ditTerent 
positions;  the  letters  A, a,  K,r,  denot- 
ing n-si)eclively  llie  apparent  action 
(whether  altractive  or  repulsive)  cx- 
erled  in  each  of  these  positions.  A 
reference  \aj!g.  21,  and  the  aenctal  re- 
sults stilted  in  }  4U,  will  suflioienlly  ex- 
Slain  the  facis  mentioned  by  Mr.  Fara- 
ay,  if  we  take  into  account  a  ciiciim- 
■lince  which  very  generally  obtains  in 
needles  of  the  pointed  shape  of  those 
emploj-ed  in  the  enwriracnt ;  namely. 
thut  Ihe  centre  of  the  active  portion  of 
e»ch  half  of  the  needle,  or  its  true  pole, 
is  not  situated  at  lUc  very  extremity, 
but  at  some  point  near  it.  and  towards 
tl)e  centre  of  the  needle.  Thus  the  wires 
in  Ihe  extreme  |io..itions  at  the  ends  of 
the  needle  were  in  fact  placed  hcvnnd 
tl>e  pules,  and  correspondeil  in  Ihcir  si- 
tualion  lo  points  out  of  the  circle  passing 
Ihmuich  those  pules,  which  i»  the  circle 
given  ynfiif.  22- 

<57.)  Tlie  reaction  of  the  needle  on 
Ihe  wire  in  these  situations  whs  also 
pointed  out  by  Mr.  Faraday,  and  illus- 
trated by  reference  to  the  following 
lisure  ITi),  which  repnteala  horiionlul 


according  as  they  appear  to  attract  or 
repel  tlie  adjacent  iioles  8  andN  ;  and 
Ihe  arrow-heads  indicate  the  directions 
of  Ihe  circular  motion  which  resulted. 

(SB.)  Mr.  Faraday  justly  concluded 
from  these  facts,  that  there  is  no  real 
attraction  or  reimlsiun  between  the  wire 
and  either  pole  of  a  magnet,  tlie  actions 
which  imitate  these  etiecls  being  of  n 
compound  nature  ;  and  he  also  inferred 
that  the  wire  ought  to  revolve  round  a 
magnetic  pole,  and  a  magnetic  pole 
round  a  wire,  if  proper  means  could  be 
devised  for  givinftetl'ect  to  these  tenden- 
cies, and  for  isolating  the  operation  of 
a  single  pole.  For  tlie  first  idea  of  the 
poisimlity  of  the  rotations  of  an  electro- 
magnetic wire  round  its  axis  by  the  ep- 
Goach  of  a  magnet,  we  arc  indebted 
Ihe  sagacity  of  Dr.  WoUaaton*,  wlio 
did  not,  however,  succeed  in  ptoihicing 
this  effect  in  the  experimeiili  which  att 
made  for  that  purpo^. 

Chaptbr  VI. 
Eleelfo-magnelie  Roiattoia. 

(59.)  The  continued  revolution  of  one 
of  the  poles  of  a  magnet  round  «  ver- 
tical conducting  wire  was  produciil  by 
Mr.  Faraday  in  the  following  manner +  : 
—That  the  action  of  the  wire  raigUt  be 
limited  to  the  pole  in  question,  the  whole 
magnet,  with  the  exception  of  that  ex. 
tremily  in  which  the  pole  was  situated, 
was  irameraed  in  mercury,  its  lower  end 
t>cing  attached  by  a  thread  to  Ibe  bottom 
of  the  vessel  which  contained  the  mer- 
cury, llie  conducting  wire  being  mule 
lo  pass  down  into  the  mercury,  imme- 
diately above  the  place  where  the  copper 
wire  was  fixed  to  the  vessel.  This  ui- 
paratus  is  represented  in  J^.  33,  andK 
section  of  it  shown  in  fig.  H. 

For  Ihe  purpose  of  directing  tlie  el«0- 
Irical  current  Ihrough  the  mercury, 
hole  was  drillftl  at  the  bollom  of  the 
Clip,  into  which  a  topjier  pin  was 
ground  tight,  projecting  upwards  a  little 
way  inlu  the  cup,  and  hvelied  to  a  small 


t  «"i 


nwvWlot  'E 
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round  plate  of  copper,  forming  part  of 
ttie  foot  of  the  vessel  A  similar  plate  of 
copper  was  fixed  to  the  turned  wooden 
base  on  which  the  cup  was  placed,  and 

Fig.  ?3.  Fig,  34. 


another  pioce  of  strons:  copper  wire,  at- 
tached to  it  l>eneath,  after  proceeding 
downwards  a  little  way,  was  made  to 
turn  horizontally.  The  surfaces  of  these 
two  plates,  intended  to  come  totrether, 
were  tinned  and  amalgamated,  that 
they  might  remain  longer  clean  and 
bright,  and  afford  better  contact.  The 
masniet  used  was  of  a  cylindrical  shape, 
and  very  powerful,  and  had  its  lower 
pole  fastened  by  a  piece  of  thread  to  the 
copper  pin  at  the  bottom  of  the  cup. 
The  height  of  the  mao:nct  and  length  of 
the  thread  were  so  adjusted,  that  when 
the  cup  was  nearly  filled  with  clean 
mercury,  the  free  pole  floated  almost 
upright  on  its  surface.  The  upright 
wire,  communicating  with  one  of  the 
poles  of  the  voltaic  battery,  and  con- 
ducting the  electrical  current  intended 
to  act  on  the  upper  pole  of  the  magnet, 

Cassed    downwards    from    the    upper 
ranch  of  a  stand,  so  as  to  descend  to 
a  small  depth  below  the  surface  of  the 
mercury.    Its  lower  end  was  amalga- 
mated, in  order  to  ensure  perfect  con- 
tact ;    the   circuit    was   completed    by 
making  a  communication  between  the 
lower  wire  and  the  other  pole  of  the 
battery.     As  soon  as  the  current  is  thus 
established  through  the  apparatus,  the 
upper  pole  of  the  magnet  immediately 
revolves  round  the  wire  which  dips  into 
the  mercury.   As  the  force  which  impels 
it  continues  to  act  without  diminution, 
notwithstanding  the  motion  of  the  mag- 
net, it  operates  as  an  accelerating  force ; 
but  the  motion  of  the  magnet  in  a  circle 
"ving  rise  to  a  centrifugal  force,   the 
gnet  is  carried  to  a  greater  distance 
n  the  wire,  untW  \\s  Increased  mo- 
itum  is  compeusaleOi\^^V\\^*mcx^«t^e.^ 


resistanoe  of  the  mercury,  at  which  pe- 
riod the  velocity  becomes  uniform. 

(60.)  The  direction  of  the  motion  de- 
pends on  the  direction  of  the  current 
and  on  the  denomination  of  the  pole 
that  is  moved  by  it.  If  the  cuncnt 
descends,  the  north  pole  of  a  magnet 
revolves  from  left  to  right ;  that  is,  in 
the  direction  of  the  hands  of  a  watch. 
If  the  revolving  pole  be  the  south  pole, 
it  moves  in  the  contrary  direction.  AD 
this  is  in  perfect  conformity  with  vhst 
has  already  been  explained  in  {21,  22, 
and  23,  and  illustrated  by  Jfgs,  7  and  8. 

(61.)  AVitha  view  of  diminishing  the 
resistance  to  the  revolution  of  the  mag- 
net, which  must  necessarily  take  place 
when  it  has  to  revolve  in  mercury,  at- 
tempts have  been  made  to  devise  a  me- 
thod of  suspending  the  magnet  on  a 
pivot;  but  the  difficulty  has  always 
i)een  to  provide  a  proper  channel  for 
carrying  off  the  current  afler  it  hu 
acted  iipon  one  pole  of  the  magnet. 
It  became  evident  that  no  solid  cono 
ductor  would  answer  the  purpose,  as  it 
would  always  be  in  the  way  of  the  mag- 
net during  its  revolution.  This  object 
may,  however,  be  accomplished  by  em- 
ploying a  magnet  of  the  peculiar  shape 
represented  in  fig.  35,  having  a  double 
bend  in  the  micldle,  so  that  this  part  is 
horizontal  while  the  two  extremities  are 
kept  in  a  vertical  position.  The  magnet, 
so  shaped,  is  furnished  with  an  Ri^ate 
cap  fixed  to  the  lower  side  of  the  middle 
horizontal  portion,  resting  on  a  fine 
point  of  an  upright  wire,  which  is  fixed 
to  the  base  ot  the  apparatus,  and  upon 
which  the  magnet  is  balanced,  so  as  to 
allow  of  its  turning  freely  round.  In 
order  to  steady  its  motion,  however,  a 
wire  loop  is  attached  to  the  magnet  lower 
down,  which  embraces  the  upright  wire, 
and  retains  that  part  of  the  magnet  in  a 
position  nearly  vertical.  A  small  cis- 
tern, holding  mercury,  is  also  fixed  upon 
the  magnet  at  the  middle  of  its  up|)er 
side,  just  above  the  point  of  suspension. 
A  bent  wire,  pointed  and  amalgamated 
at  the  end,  passes  out  from  this  cistern, 
and  dips  into  a  circular  trough  of  mer- 
cury, which  is  Oj^en  in  the  centre,  to 
allow  the  magnet  to  pass  freely  through 
the  opening,  and  which  is  supported  on 
a  stage,  sustained  by  means  of  legs  con- 
necting it  with  the  base.  A  wire,  pro- 
ceeding from  the  interior  of  this  circular 
cistern,  passes  out  of  it,  and  terminates 
in  a  cup  with  mercury.  The  electrical 
current,  intended  to  act  exclusively  upon 
>\v^  \K^^x  \>sJ&  cA.  >Jwi  m^i^et,  is  to  be 
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conducird  by  k  varliciJ  wire  of  sufficient 

thichnesf ,  which  is  fixed  to  as  just  to 
dip  into  Ihe  small  ciilem  attached  to  the 
mamiet.  Having  reached  this  point,  Ihe 
current  u  then  diverted  from  ili  course 
b^  the  wire  nhich  dips  inia  Ihe  lure 
Gistern,  and  is  thence  carried  away  l)y  the 
wire  whicli  lenninatea  in  the  cup  last 
described,  to  such  a  distance,  and  in  such 
a  direction,  as  to  prevent  its  acting  on 
the  lower  pole  of  the  ma^el.  The 
magnet  will  in  lliis  manner  be  made  to 
revolve  with  ^eatrapidity.  It  it  scarcely 
necessary  to  remark,  tliat  the  direction 
of  ttie  rotation  will  depend  both  on  the 
direction  of  Ihe  current  and  on  the  na- 
ture of  the  pole  which  is  acted  upon  ;  so 
Ihat  reversing  either  or  these  conditions 
will  occasion  a  change  in  the  direction 
of  Ihe  rotation.  Mr.  Walkini  describes 
an  apparatus  by  which  these  opposite 
rutaliuna  may  Iw  exhibited  in  two  mag- 
nets at  the  same  lime,  and  by  the  same 
current,  by  placing  the  poles  of  the  one 
in  a  contrary  poxUion  to  those  of  the 
other*.  Bui  it  is  unnecessary  to  dwell 
u|>on  these  olivious  combinations  of  the 
Diore  simple  formi  of  the  experiment. 


Fig.  as. 


Mr.  Faraday  accomplished  by  employing 


shallow,  and  has  a  tubular  stem ;  but 
instead  of  being  filled  with  a  plug,  u 
was  the  aperture  in  the  former  vessel,  a 
small  copper  socket  is  placed  in  it,  and 
retained  there  by  beine  fastened  l^y  a 
circular  plate  below,  which  is  cemented 
to  the  glass  foot,  so  that  no  mercury  can 
pass  out  by  it.  This  plate  is  tinned  and 
amalgamated  on  its  lower  surface,  and 
stands  on  another  plate  and  wire,  just  a* 
in  the  former  apparatus.  A.  smati  cy- 
lindrical magnet  is  placed  in  the  socket, 
at  any  convenient  height,  and  then  mer- 
cury poured  in  until  it  rises  so  high  that 
nothing  but  the  projecting  pole  o[  the 
magnet  is  left  above  its  surface  at  the 
centre.  The  forms  and  relative  positions 
of  these  P>rts  are  teen  in  the  section 
Jig.  37.  The  wire  which  dips  into  the 
mercury,  and  hai  its  lower  end  amalga- 


Fig.3i. 


mated,  may  be  auspended  to  a  filled  wire, 
either  by  a  ball  and  socket  joint,  con- 
structed so  as  lo  ensure  a  continuity  of 
metallic  conductors,  or  more  simply  by 
means  of  loops.  The  best  mode  of  ob- 
taining a  perfect  contact,  is  to  make  the 
fixed  wire  terminate  in  a  small  cup  con- 
<6J.>  In  the  preceding  examples,  the  [ainingmercury, wilhits mouth  upward^ 
wire  WIS  fixed,  and  (he  magnet  at  liberty  and  to  bend  Ihe  moveable  wire  into  the 
to  move.  But  in  order  to  exhibit  the  form  of  a  hook,  of  which  the  extremity 
revolution  of  the  condncline  wire  round  must  be  sharpened,  and  must  rest  in 
one  of  the  poles  of  n  mngnet,  this  ar-  (he  mercury  on  the  bottom  of  the  cup, 
rangement  must  be  reversed,  that  m,  as  shown  in  Sg.  38.  This  V».VV«  V«*, 
Ihe  wir«  must  have  freedom  of  motion,  having  full  \A)«iVn  Vo  inw^e,  Tf*At«fc 
and  the  magnet  muat  be  fixed.  This  round  t\\e  T)o\e  irt  ft*  Bi»p\ A  ■«\w3&^ 
„,^„^    above  tVie  auriace  rf  Vfte  ^^f^-^l^^;^^ 


ir  ilrMrll  of  Klttlia. 
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round  plat€  of  copper,  forminsr  part  of 
tlie  foot  of  the  vessel.  A  similar  plate  of 
copper  was  fixed  to  the  turned  wooden 
base  on  which  the  cup  was  placed,  and 

Fig.  ?3.  Fig,  34. 


another  piece  of  stroni^  copper  wire,  at- 
tached to  it  l>eneath,  after  proceeding 
downwards  a  littlo  way,  was  made  to 
turn  horizontally.  The  surfaces  of  these 
two  plates,  intended  to  come  together, 
were  tinned  and  amalgamated,  that 
they  might  remain  longer  clean  and 
bright,  and  afford  better  contact.  The 
masniet  used  was  of  a  cylindrical  shape, 
and  very  powerful,  and  had  its  lower 
pole  fastened  by  a  piece  of  thread  to  the 
copper  pin  at  the  bottom  of  the  cup. 
The  height  of  the  magnet  and  length  of 
the  thread  were  so  adjusted,  that  when 
the  cup  was  nearly  filled  with  clean 
mercury,  the  free  pole  fioated  almost 
upright  on  its  surface.  The  upright 
wire,  communicating  with  one  of  the 
poles  of  the  voltaic  battery,  and  con- 
ducting the  electrical  current  intended 
to  act  on  the  upper  pole  of  the  magnet, 

Cassed  downwards  from  the  upper 
ranch  of  a  stand,  so  as  to  descend  to 
a  small  depth  below  the  surface  of  the 
mercury.  Its  lower  end  was  amalga- 
mated, in  order  to  ensure  perfect  con- 
tact ;  the  circuit  was  completed  by 
making  a  communication  between  the 
lower  wire  and  the  other  pole  of  the 
battery.  As  soon  as  the  current  is  thus 
established  through  the  apparatus,  the 
upper  pole  of  the  magnet  immediately 
revolves  round  the  wire  which  dips  into 
the  mercury.  As  the  force  which  impels 
it  continues  to  act  without  diminution, 
notwithstanding  the  motion  of  the  mag- 
net, it  operates  as  an  accelerating  force ; 
but  the  motion  of  the  magnet  in  a  circle 
giving  rise  to  a  centrifugal  force,  the 
magnet  is  carried  to  a  greater  distance 
from  the  wire,  until  its  increased  mo- 
mentum is  compensaleOiV^^V\\^'\tvcx^^s<i^ 


resistanoe  of  the  mercury,  at  wluch  pe- 
riod  the  velocity  becomes  uniform. 

(60.)  The  direction  of  the  motion  de- 
pends on  the  direction  of  the  current, 
and  on  the  denomination  of  the  pole 
that  is  moved  by  it.  If  the  cuimt 
descends,  the  north  pole  of  a  magnet 
revolves  from  left  to  right ;  that  is,  in 
the  direction  of  the  hands  of  a  watch. 
If  the  revolving  pole  be  the  south  pole, 
it  moves  in  the  contrary  direction.  AH 
this  is  in  i)erfeet  conformity  with  what 
has  already  been  explained  in  $21,  22, 
and  23,  and  illustrated  by/^«-  7  and  8. 

(61.)  With  a  view  of  diminishing  the 
resistance  to  the  revolution  of  the  mai;- 
net,  which  must  necessarily  take  plaee 
when  it  has  to  revolve  in  mercury,  at- 
tempts have  been  made  to  devise  a  me- 
thod of  suspending  the  magnet  on  a 
pivot;    but  the  difficulty  has   nJiwtp 
been  to  provide  a  proper  channel  for 
carrying  off  the  current  alter  it  hu 
acted  upon  one  pole  of  the  magnet. 
It  became  evident  that  no  solid  con- 
ductor would  answer  the  purpose,  ai  it 
would  always  be  in  the  way  of  the  mi^ 
net  during  its  revolution.    This  ohjcd 
may,  however,  be  accomplished  by  em- 
ploying a  magnet  of  the  peculiar  shape 
represented  in  fig.  35,  having  a  double 
bend  in  the  middle,  so  that  this  part  is 
honaontal  while  the  two  extremities  are 
kept  in  a  vertical  position.  The  magnet, 
so  shaped,  is  furnished  with  an  agate 
cap  fixed  to  the  lower  side  of  the  middle 
horizontal  portion,   resting  on   a  fine 
point  of  an  upright  wire,  which  is  fixed 
to  the  base  of  the  apparatus,  and  upon 
which  the  magnet  is  balanced,  so  as  to 
allow  of  its  turning  freely  round.    In 
order  to  steady  its  motion,  however,  a 
wire  loop  is  attached  to  the  magnet  lower 
down,  which  embraces  the  upright  wire, 
and  retains  that  part  of  the  magnet  in  a 
position  nearly  vertical.     A  small  cis- 
tern, holding  mercury,  is  also  fixed  upon 
the  magnet  at  the   middle  of  its  upper 
side,  just  above  the  point  of  susiK'Usion. 
A  bent  wire,  pointed  and  amalgamated 
at  the  end,  passes  out  from  this  cistern, 
and  dips  into  a  circular  trough  of  mer- 
cury, which  is   open  in  the  centre,  to 
allow  the  magnet  to  pass  freely  through 
the  opening,  and  which  is  supported  on 
a  stage,  sustained  by  means  of  legs  con- 
necting it  with  the  base.     A  wire,  pro- 
ceeding from  the  interior  of  this  circular 
cistern,  passes  out  of  it,  and  terminates 
in  a  cup  with  mercury.    The  electrical 
current,  intended  to  act  exclusively  upon 
>\v^  \K^^x  Vaii  qjC  the  magnet,  is  to  be 
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luct«d  by  a  vertical  wire  of  sufficient 
kness,  which  is  fixed  so  as  ]iist  lo 
inio  Ihe  small  cislern  atlached  lo  the 
net.  Havinjj  reached  this  point,  Ihe 
ent  is  then  diverted  rrom  its  course 
Ihe  nire  which  dips  into  the  Uree 
irn,  and  is  thence  carried  away  liy  tne 
:  which  lenninates  in  Ihe  cup  last 
tibed.  to  such  a  distance,  and  in  such 
rectian,  as  to  prevent  its  aetin^  on 
lower  iiole  of  the  maKnet.  The 
:net  will  in  this  manner  lie  made  lo 
ilvewithgreatrapidity.  It  is  scarcely 
rssary  lo  remark,  that  the  direcliun 
:ie  rolalioii  will  depend  both  on  the 
ction  of  Ihe  current  and  on  the  na- 
ofthe  pole  which  is  acted  upon  ;  so 
revcriiing  either  of  these  conditions 
occasion  a  change  in  the  direction 
le  rotation.  Mr.  Watkins  descriljes 
apparatus  by  which  these  opposite 
lions  may  be  exhibited  in  two  mag' 
at  the  same  time,  and  by  the  same 
«!!(,  by  placing  the  poles  of  the  one 
.  contrary  position  to  those  of  the 
T*.  But  it  is  unnecessary  to  dwell 
1  these  obvious  combinations  of  the 
e  simple  forma  of  the  experiment. 
Fig.  3S. 


Mr.  Faraday  accomplished  by  employtn); 
Ihe  apparatus  represented  in  jig.  36. 
The  glass  cup  holdine  the  mercury  i« 
shallow,  and  has  a  tubular  stem ;  but 
instead  of  being  filled  witli  a  pli^,  as 
was  Ihe  aperture  in  the  former  vessel,  a 
small  copper  socket  is  placed  in  it,  and 
retiiined  there  by  bein^  fastened  by  a 
circular  plate  below,  which  is  cemenled 
to  the  glass  foot,  so  that  no  mercury  can 
pass  out  by  it.  This  plate  is  tinned  and 
amalgamated  on  its  lower  surface,  and 
stands  on  another  plate  and  wire,  just  as 
in  the  former  apiioratus.  A  small  cy- 
lindrical magnet  is  placed  in  the  socket, 
at  any  convenient  height,  and  then  mer- 
cury poured  in  until  it  rises  so  high  that 
nothing  but  the  projecting  pole  of  the 
magnet  is  left  above  its  aui-face  at  the 
centre.  The  forms  and  relative  positions 
of  these  parts  are  seen  in  the  section 
fg.  37.  The  wire  which  dips  into  the 
mercury,  and  has  its  lower  end  amalga- 
Fig.  38.  Pig.  37. 


niatcd,inay  be  susjienilcd  to  a  fixed  wire, 
either  hy  a  ball  and  socket  joint,  con- 
structed so  as  lo  ensure  a  continuity  of 
metallic  conductors,  or  more  simply  by 
means  of  loops.  The  best  mode  of  olJ- 
tnining  a  perfect  contact,  is  to  make  the 
fixed  wire  terminate  in  a  small  cup  con- 
65.)  In  the  preco.linsr  examples,  Ihe  taining  mercury,  with  its  mouth  upwards, 
ewas fixed,  and  tbemairnet  at  liberly  and  to  bend  the  moveable  wire  into  the 
BMve.  Hut  in  ordrr  to  exhibit  Ihe  form  of  a  hook,  of  which  the  extremity 
DJution  of  the  conduclini;  wire  round  must  be  sharpened,  and  must  rest  in 
""■■  ~-  the  mercury  on  Ihe  bottom  of  the  cnp, 
as  shown  in  fig.  3B.  This  latter  wire, 
^  full  hiwrty  to  move,  revolvet 
round  Ihe  pole  of  the  lna^«^.'»\iw^\■^* 
above  the  surface  ot  \\^  ni«K.MT>j ,  ■«\'^ 
an  accelerated ve\ow\5.'«ViviAi,^&»'*«*» 


of  the  poles  of  a  niiimiel,  this 
gement   must   be   reversed,   that  i 
wire  must  have  frceilom  of  molion, 
I  the  magnet  mml  be  fixed.    This 


KLicrao-MAaimfMt- 


Uia  motion  boiBc  datoi^Dad  b 
nifaralH  mlnwh  hid  dowa  in  f  SI 
namgUKilr  Jlg:9.  IB,uidll. 


ID  of  «o|iMr  nd  Aih  floalriilH  Ml  ■■* 


aoftiM  wfta,  ii  to 


7  riMlkm  vomU  u  >  tcs-n 


enpiofi  iulMdofK  plwMd  oop,  a 

UHVanrrfMllM — 

toraiMaJaiagtl 

A  itiODg  m^Mt  DOOBniouii  ■■  mar  tv 
it  uiMmbbi  It  ma.T  tnn  to  pfaflid 
under  Itaa  tabla  on  wlwli  Ito  «mmI  b 
kid.  Under  thsM  dramiMtMMM.  te 
ranlution  of  a  wii^  aUoimd  to  dq^  Ma 
" n;iiiTubdan,wiDt«kan)MaH 

iit&]-     -■ •r:^^ 

The  ofltet  i 
maftnet  be  haU  in  n  boriiDDtal  ar  vnlinl 
poedioD,  or  iDelined  at  an*  mm^fn- 
vided  the  nKnct  be  of  euOaiMt  Iw^ 
BO  that  the  uduenoe  of  the  other  pair 
tattj  not  aet  aeDiiblj  npon  tto  wira. 


"Slh  the  lart.  Hid  in  which  the    ,  J"l>  ;?2*SS^JmIm 


win  nvolrei  Teij  ntpidljr,  with  a  verj 
email  voltaie  power.    It  eanueti  of  a 
pieeeofglaai  tube,GQ, 
end   of  which 


Q.;^.  3d.  the  lower    ; 
JoMd    by  a  cork. 


naisMl   so  as  lo  oraiMt  t*""i%  mercurj,  in  wniob  were  nsed  two 

A  htlLs  mercury  i5  then  «"*d  above  the  lurfece      On  minoe 

poured  m.  to  fo™  8  Chen-  ha  connexmn  between  the  battery  art. 

hel  between  (he  iron  wire  ^e  apparatus,  liie.vires  revolved  roun.1 

md  the  plass  tube.     The  "'"  mBiEnels  Mmultaneously.  but  in  oii- 

upper  orifice  in  also  closed  P<wile  direction i   .             ,    ,    , 

netic   rolgtion  which   have   now  been 


by  ft  cork,  through  which 


M?l^«nd  t^'inatM"C    •l'=«=ribed,  were  exhibited  at  the  a 
low  by  «  loop ;    another 


'  by  H  loop  ■ 
J  piece  of  wire  nangs  from 
this  by  a  loop,  and  its 
loner  end,  which  dips  a 
very  little  way  into  the 
mercury,  being  amnl^ii- 
mated,  it  is  preserved  from 
adhering  ainer  to  the  iron 
wircorto  Iheglais.  When 
even  a  feeblevoltaic  com- 
bination is  connected  with 
the  II  pper  andlowerendiof 
this  appii  ra' us.and  t  he  pole 
of  a  magnet  is  placed  In 
contact  with  the  external 
M  end  of  the  ircn  wire  M. 

the  moveable  wire  vrilhin  rapidly  ro- 
tates round  the  temporary  magnet  thus 
fbrm«lby  indue'ion  at  the  moment,  and 
by  changing  either  the  connexion  or  the 
pole  of  the  magnet  in  contact  with  the 
mm,  the  direction  of  the  vootian  iUelt  ia 
changed.  'Rub  ayparalM  ^>m  \«en 
nude  so  amaU  as  to  ptoduMnijM  i«to- 
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lioie,  by  m  appiratui  conlrived  by  Hr.    nipeRTinft  to  purme  and  be  pursued  bj 
Wnday,  in  which  the  cups   employed    Ine  other  nrand  the  circumference  or  the 


vtires  proceeding  from  Ihe  bottom  of 
e&cli  cup  respectively  terminaie,  are 
made  to  cummunicale  by  means  of 
wires  with  the  oppoaile  [kiI 


(68.)  After  the  discovery  of  the  rero- 
lution  of  a  magnet  round  a  conductini; 
wire,  and  of  the  wire  round  a  ma§ne£ 
many  aitempts  were  made  to  obtain  the 
rotation  of  a  magnel,  or  of  a  conductor, 
round  their  own  axes.    Ampere 


, .     The   upper  wires  communicate     first  who  accomplished  the   former   of 

inllar  fixed 

The  cum-nt  of  eleclricity,  Iheretore,  will 


supported  by  an  upright    these  ot)jects,  which  may  be  e^cted  by 
ie  middle  of  the  Kland.    the  following  method : — The  cylindrical 


ascend  through  the  n 
one  of  the  cups,  and  descend  in  the  other, 
and  produce  at  the  same  moment  a  re- 
volvinic  motion  of  the  magnet  in  the  one 
case,  and  in  the  other  case,  a  revolution 
in  the  moveable  wire.  A  cup  is  also 
placed  over  the  middle  of  the  cross  wire 
lor  the  convenience  of  sending  tlie  elec- 
tric current  in  the  same  direction  alon^ 
Itoth  the  wires,  by  making  it  communi- 
cate with  one  of  the  poles  of  the  vnlioic 
battery,  while  the  lower  cups  both  com- 
municate with  theollierpole.  Tlieadop- 
tiim  of  Ibis  arrangement  will  produce  a 
I'orresponilin:;  change  in  the  direction 
L>l'  uue  of  the  notations. 


%.41. 


following  B 

aijnef  seen  inthe  Bection,y^.43,  termi- 

luwer  extremity  in  a  sharp 


steclpoinl.whichreitsin  thecentieof  a 
conical  cavity  of  agate,  in  Ihe  bottom  of 
the  vessel,  which  may  he  either  oftrlasa 
or  wood.  The  upper  end  of  Ihe  ma«net 
is  supported  in  a  perpendicular  jioaition, 
by  a  thin  slip  of  wood,  imssing  acrosa 
the  upper  i«rt  of  Ihe  vessel  and  resting 
aireinst  its  sides,  having  a  hole  through 
vvhich  the  magnet  passes  freely.  A 
piece  of  quill  is  fitted  on  the  upper  ex- 
Iremity  of  the  mamet,  so  as  to  form  a 
cup  or  reservoir  above  it  for  receiving  a 
■mall  quantity  of  mercury.  Into  this 
mercury  i*  inserted  the  lower  end  of 
a  wire  which  is  amalgamated,  in  order 
to   obtain  a  perfect    metallic   contact, 

^ jblemainet.j^.SS,       ' "    "  " ""       '""'  """ 

■he  wire  which  dips  i 

rendered  moveable,  aa  lo  Jtg.  S  .     . 

mode  of   suspension    adapted   to  that     with  otie  of  the  poIl_  _  ,.   „_ 

purpose.     The  wire  and  the  magnet  will     tery.    The  veaie\  h«T»»  tW^vft^^- 

Een  both  revolve  in  Ihe  same  direcl ion    cuty.  so  a»  \o  «"eT  \>«  >«*^^^1^ 

iDund  a  common  centre  of  motion,  each    the  luagwri ,  »\«  sjAi&ww  ««osS-  ^*  "=w° 
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pleted  by  means  of  a  Ihick  copper  wire 
proceeding  from  the  bottom  of  tlie  vessel, 
coming  out  through  the  side,  and  termi- 
nating in  another  cup  holding  a  small 
quantity  of  mercury,  by  which  a  com- 
munication may  be  established  with  the 
other  pole  of  the  bntttTy.  As  soon  as 
this  connexion  is  effected,  the  masrnet 
begins  to  revolve  round  its  axis  with 
.great  rapidity,  the  rotation  continuin;^ 
as  long  as  thu  connexions  with  the  bat- 
tery are  preserveil  and  thi  I)attery  retains 
its  power. 

(69.)  In  lliu  ori^rinal  exj^eriment  of 
Ampi^re,  llie  magnet  was  allowed  to 
float  without  support  in  the  mercur)*, 
being  kept  in  a  vertical  position  by  a 
weight  of  platina  attached  to  its  lower 
end.  Hut  this  addition  to  the  whole 
mass  to  l)e  moved  occasions  a  ^reat 
diminution  of  effect,  so  that  the  appa- 
ratus above  described  gives  a  much 
greater  velocity  of  motion  with  the 
Kame  galvanic  power. 

( 70.)  T\\e  same  phenomenon  has  l)een 
exhibited  in  various  ways;  the  principle 
on  which  it  depends  is  that  the  electric 
current  should  descend  through  the 
upper  half  of  the  magnet  only,  so  as  to 
net  exclusivi'ly  on  the  pole  which  is 
situated  in  that  half,  and  afterwards  be 
diverted  from  the  nia:r»H't,  and  maiK'  to 
pass  away  in  such  a  direction  as  that  it 
shiill  not  atl'cct  the  lower  p<»le  of  the 
magnet.  In  the  experiment  above  re- 
lated, the  electric  current,  after  traviis- 


ing  the  upper  half  of  the  ma^nwi, . 
into  the  mercmy,  and  being  diiRuri 
through  it,  acts  in  no  sensible  degiee 
on  the  lower  pole  of  the  magnet,  and 
does  not  interfere  with  the  rotation  pro- 
duced by  its  influence  on  the  upper  po2e 
There  are  several  circumstances,  how- 
ever, to  be  taken  into  account,  in  ex- 
plaining this  experiment,  which  cannot 
now  be  easily  rendered  intelligible,  and 
the  notice  of  which  must  be  reserved 
for  a  future  part  of  the  Treatise. 

(71.)  The  same  object  is  attained  in 
the  following  manner,  by  an  appardui 
represented  in  flg.  43,  and  in  Kction 
in  Jig,  44.  A  magnet,  puinted  at  both 
ends,  is  supported  below  by  an  agale 
cup  fixed  on  a  stem  rising;  from  the 
bottom  of  the  stand  ;  while  its  upper 
point  is  lightly  pressed  upon  by  a  sciew. 
with  a  milled  head,  passing  through  a 
screwed  hole  at  the  top  of  an  arched 
beam,  which  forms  part  of  the  sustain- 
ing frame- work  of  the  apparatus.  Nesr 
the  middle  of  the  magnet,  this  frame 
supports  a  stage  in  the  form  of  a  ring, 
tlu*ou&:h  the  centre  of  which  the  magnet 
])asses  freely,  and  carrying  a  circular 
cistern  of  mercury,  which  also  sur- 
rounds the  magnet,  without  touching 
it.  A  similar  cistern  of  mercury  sur- 
rounds the  lower  stem,  which  supports 
the  HL'atecup.  A  copper  wire,  project- 
inir  into  the  interior  of  each  of  these 
cisterns,  passes  out  through  its  sides, 
and,  beinjj  K'nt  upwards,  terminates  in 
a  small  cup,  holding  a.  little  mercury,  fur 

Fig.  44. 
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_;  the  communication  with  the  employ  in  its  place  a  hollow  cylinder  ot 
vallaie  bittety  by  wires,  in  the  luutl  melal,  capable  of  receivinB  Ihe  pole  of 
manner.  A  imnll  wire,  pointed  and  a  mRgnet  in  lis  nxis.  Such  nn  arrani^e- 
vnateamated  at  ils  end,  is  Rffixed  to  the  ment,  which  was  devised  liy  Mr.  Uorlow, 
middle  of  the  ma^et.  immediiLtely  above  is  eihibilvd  by  _fig.  45,  which  repre- 
the  ciiterti.  and  is  bent  so  as  just  to  dip  aents  a  section  of  Ihe  apparntua.  A 
inlothemcrcitrycontained  in  thecislem.  bar  magnet  is  fixed  upri);ht  in  a  solid 
A  aimilar  wire,  proceeding  from  Ihe  sland,  which  hai  a  cavity  adapted  to 
lower  end  of  the  magnet,  is  made  to  dip  receive  it,  and  which  also  supports  a 
into  the  mercury  contained  in  Ihe  lower  circular  trough  of  mercury,  surrounding 
aitem.  The  lovcer  half  only  of  the  mag- 
net bem^  thus  made  to  form  part  of  Ihe  ■f'S''  ^5. 
Kalvanic  circuit — which  is  continuous 
from  one  cup  through  the  cistern  of 
mercury,  the  wire  beloncing  to  the 
magnet,  Ihe  magnet  itself,  the  other 
wire,  the  olher  cistern  of  mercuiy,  and 
Ihe  wire  terminating  in  the  other  co]i — 
receives  Ihe  exclusive  influence  of  the 
electric  current  which  passes  through 
it,  and  beeins  to  rotate  witli  considerable 
velocity  round  the  axii,  which  is  eon- 
•tilutei]  by  its  U[iper  and  lower  [loinls 
of  aupiiort.  Tlie  degree  of  rotatory 
tttlecl  will  depend  very  much  on  Iha 
delicacy  of  the  suspension  of  the  ma;;- 
net,  10  thai  Ihe  friction  at  the  points 
may  be  as  small  as  possible. 

(73.)  When  Ihe  mefinut  ix  laru'e.ithas 
been  propo<ied  to  gain  additional  rola- 
lory  power  t)y  directing  anollier  ck'ctri- 
cal  current  to  be  supplied  from  a  ii  coiid 
battery  alimg  the  upper  half  ul  tl.e 
roaCTet,  but  in  a  direction  cunlrary  to 
that  which  piissis  through  tlie  lower 
p«ile.  This  mi::hl  certiiiiily  l>i'  effectid 
by  removing  the  milled  lu'ad  of  Ihe  ver- 
tical screw,  and  sU]  plying  its  jiUie  liy  a 
small  cup  toliold  mercury,  and  l)y  caru- 

futlyamalgamating  Hie  lower  end  v(  the  mercury  in  Ihe  lrc>u;,'h;  and  the  up|ier 
Screw  where  it  (ouches  ttie  magnet.  Uut  part  is  supported  by  (luareh  of  the  same 
(incelherolatoryforce  isproportumal  to  metal,  from  the  middle  of  which  there 
the  power  of  Ihe  voltaic  battery  used,  it  prt»^ei-ds  a  stvel-puinled  wire,  passing 
it  wry  duul<ttul  whether  the  second  downwards  so  as  lo  rest  in  an  agate 
battery  reijiiiicd  in  Ihis  lalti'i  lui'thud  cup  fixed  to  llie  top  of  the  magnet,  ami 
might  ni>l  he  i'lpiuUy  eircHcirits  if  it  also  passing;  upwiir>ls  and  terminating 
werefmpl'ijvd  ujincreasingth^slrength  in  a  small  cup  1*,  holding  a  little  iner- 
ff  Ihe  tir-l  !r:itlery,  by  being  j.iintil  to  cury,  for  lliu  pui'|it>se  of  effecting  u 
n  Ihe  forcui-r  luodc  of  conducting  the    comnuinieation  with  Ihe  voUaic  battery, 


the  magnet  as  in  Ihe  toimcr  instances. 
<;  U  is  a  light  hollow  copjier  cylinder, 
Ihe  lower  cduu  of  whiih  dips  into  tlw 


exp 


.)  lluving  thus  I 
IS  the  magnet  n 


liki'  I 


r,  Ihe 
ing  iMidy  round  i' 


-eded  in  m»k- 
its  own  axis, 
n  i.bjcct  to  I'll'cct,  in 
otation  of  a  cunduct- 
n  tlie  fur- 


proceeds  from  Ihe  inside  of  the 
trough,  and  passing  out.  is  bent  upwards, 
so  as  to  terminate  in  another  cup  with 
mercury  N,  for  establishing  tlie  con- 
nexion with  the  other  poleof  thebntlery. 
'"  =  ^  evident  that,  in  this  arrangem— ' 


e  it  was  necessary  to  a|iplv  tlie  the  electric  current,  which  we  may  sup- 

eleclric   agency   in  Ihe   interior  ol   the  pose  lo  descend  from  Ihe  positive  wire 

magnet,  mi  in  the  |>r<'Senl  instance  some  of  the  battery  introduced  into  the  cup 

means  vere  lo  t>«  devised  for  procuring  1',  being  in-evented  from  passing  intutha 

the  aclion  of  llie   magnet  from  Ihe  in-  mngnct  by  Hie  interposition  of  the  apile 

teriorof  the  cundiicling  Iwdv:  lience  it  cup,  c.in  find  no  other  channel  Ihiuvtt-e. 

was  n«.-«>ti>ary  lo  diKtird  the  wiie,  and  comwr  cj'Hwiw.iis'WftWviii^^'iA'f.Xw^v 
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it  will  descend  into  the  mercury  in  Ihe 
trough,  and  thence,  passing  out  by  the 
wire  below,  will  proceed  through  the 
cup  N,  and  be  received  by  the  wire  com- 
municating^ with  the  negative  end  of  the 
battery.  The  cylinder  may  therefore  be 
regarded  as  consisting  of  a  collection  of 
parallel  wires,  each  of  which  receives 
from  the  pole  of  the  magnet  placed  in 
the  interior  an  impulse  to  move  in  a 
direction  parallel  to  itself. 

Those  on  opposite  sides  of  the  mag;- 
net  will  be  urged  to  move  in  opposite 
directions ;  but  as  their  forces  act  on 
opposite  sides  of  the  axis  of  motion,  they 
will  all  concur  in  their  rotatory  ofiect. 
The  whole  cylinder  is  accordingly  found 
to  commence  revolving  as  soon  as  the 

Fig.  46  •. 


electric  current  is  sent  through  it ;  and 
the  resistance  it  meets  with  being  slight, 
its  velocity  soon  becomes  very  consider- 
able. After  what  has  formerly  been 
said,  it  is  scarcely  necessary  to  add,  that 
the  course  of  its  motion  is  from  let>  to 
right,  or  the  same  with  that  of  the  hands 
of  a  watch,  when  the  electric  cuirent  is 
descending  along  the  cylinder,  and  when 
the  enclosed  part  of  the  magnet  is  its 
north  pole. 

(74.)  The  motion  is  reversed  when 
either  of  these  conditions  is  reversed. 
This  may  be  conveniently  exemplified 
in  the  two  poles  of  the  same  magrnet  by 
employing  a  horse- shoe  magnet,  sup- 


•    >2 


See  Mr.  WatWuV*  SVtlc^,^  '1\. 


ported  vertically  in  a  stand*  m  riiowii  in 
yf^.46.  Two  wooden  circular  tronghf  are 
fixed  upon  the  arms  of  the  manie^ 
and  secured  b^  binding  screws.    Tncie 
troueha  contain  the  mercury  into  whieb 
the  lower  margins  of  the  hollow  cyliD- 
ders  dip.    The  upper  part  of  each  cyiiih 
der  is  formed  into  a  hemispherical  cup, 
which  is  traversed  in  the  middle  by  a 
pointed  wire,  resting  below  in  a  snull 
cavity  in  the  centre  of  the  extremity  of 
the  magnet  contained  within  the  cjrlin- 
der,  and  having  at  its  upper  end  a  small 
cup  to  hold  mercury.    Two  other  cops, 
also    containing    a  small    quantity  ot 
mercury,  are  supported  upon  the  exter- 
nal ends  of  bent    wires,  which   pan 
through  the  sides  of  the  circular  troi^lu 
into  the  mercury  contained  in  tbem. 
Thus  a  continuous  metallic  communica- 
tion is  established  from  one  cap  to  (be 
other,  on  each  side,  through  each  qlin- 
der  which  surrounds  the  different  poles 
of  the  magnet.    If  a  stream  of  electri- 
cily  from  a  voltaic  battery  i)e  made  to 
pass  in  the  same  direction  in  both  the 
cylinders,  they  will  revolve  in  contraiy 
directions,  being  acted  upon  in  an  op- 
posite manner  by  the  two  poles  which 
they  surround.    But  if  the  two  upper 
cuj)s  be  united  by  a  short  wire  dippiiu^ 
its  two  ends  in  the  mercury  they  contain, 
and  the  lower  cups  be  connected,  the 
one  with  the  positive,  and  the   other 
with  tlie  negative  poles  of  the  battel)', 
the  same  stream  will  traverse  both  sidrt 
of  the  apparatus,   passing  upwards  in 
one  cylinder,   and   downwards  in   the 
other;  and  the  rotations  thence  arising 
will  now,  from  the  contrary  influences  of 
the  two  poles,  be  in  the  same  direction 
in  both  the  cylmders. 

(70.)  The  rotation  of  a  condiioling 
body  round  its  own  axis,  as  e\hil)Jted 
in  the  experiments  just  related  (J  73), 
throws  considerable  liglit  uptmtiie  cir- 
cumstances of  the  exiMjriment  Iwfore 
described,  in  which  a  magnet  was  made 
to  rotate  about  its  axis  ;  for  the  expla- 
nation of  that  experiment  will  very  much 
depend  upon  the  course  which  we  sup- 
pose taken  by  the  electrical  current 
during  its  passage  through  the  magnet 
If  we  supposed  it  to  pass  Uirouirk  the 
interior  of  the  magnet,  that  is  along  the 
axis,  and  parts  adjacent  to  it,  il  would 
occasion  rotation  by  its  influence  on  the 
parts  of  the  magnet  that  are  situated 
nearer  to  the  surface,  and  further  from 
the  axis.  On  the  other  hand,  if  i«« 
sup[)o.sc  the  course  of  the  electric  ear- 
\^\\\.Vv:i  \ivi  w^cl^  superficial,  then  jt  wiB 
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itiidr  be  influenced  b^  the  polarity  of 
those  portioni  of  the  magnet  which 
lie  near  the  axis,  and  the  roUtory  ten- 
dency  iinpreiMd  upon  it  nill  produce 
the  rotation  of  the  magnet,  which  will, 
otcouric,  be  carried  along  with  it.  On 
the  latter  sujiposition,  it  will  carreipond, 
in  all  its  circuroslances,  with  the  experi- 
ment i  73,  in  which  the  conduclinf; 
Ixidy  is  urged  to  rotate  by  ihe  intliience 
of  a  magnetic  pole  situated  williin  it ; 
excepting  only,  that  in  the  former  case 
the  magnet  and  the  conducting  body 
Kere  one  and  the  same,  while  in  the 
latter  'hey  were  different  and  separate. 
Mr.  Faradny  ha*  shown,  however,  that 
the  circumstance  of  the  magnet  and 
ci>ndiiciur  being  immoveably  joined  to- 
ifelher  makes  no  difference  in  the  results. 
Thus  let  the  magnet  M,  represented  in 
section,  /g.  iT,  be  loaded  at  its  lo^rer 
end  with  a  platina  weight,  and  fixed  at 
its  upper  end  on  a  piece  of  card  or  wood, 
having  two  branches  of  a  strong  wire, 
W  W,  descending  from  ita  upper  edge 

Ffg.  47. 


munications  with  a  voltaic  balteiy  by 
means  of  the  two  cups  containing  mer- 
cury. This  experiment  is  important, 
inasmuch  as  it  appears  to  show  that  llie 
action  is  the  same,  whether  the  magnet 
from  which  it  proceeds  be  in  motion  or 
at  rest.  We  shall  have  ovoHsion,  how- 
ever, in  B  future  part  of  this  treatise,  to 
point  out  another  mode  uF  rxiilanation 
arising  out  of  a  different  view  of  the 
subject. 

(77.)  On  the  other  hand, whenahollow 
cylinder  of  metal,  balanced  on  a  point 
on  (he  upper  end  of  a  vtrlical  axis  of 
wood,  and  its  lower  edge  dipping;  into  a 
truutfh  of  mercury,  is  ncted  upon  by  one 
of  ttie  poles  of  a  magnet  placed  on  Ihe 
outside,  and  brought  near  it,  as  sliown 
in  the  section/^.  48,  where  M  is  tho 
magnet  applied  to  the  cylinder  C,  ba- 
lanced in  Itle  wooden  stand  S,  the  rota- 
tory force  is  very  feeble,  compared  with 
that  wtuch  takes  place  when  the  mag- 

i^.48. 


Along  its  two  vertical  tdfca,  and  ieimi- 
nating  below  in  points;  so  thai  the 
whole  may  float,  in  a  veriical  position, 
in  a  vessel  full  of  mercury,  from  the  bot- 
tom of  which  n  wire  proceeds,  support- 
ing the  cup  N  ;  another  cup,  P,  being 
placrd  upon  the  upper  edge  of  the  wires 
W  W.  The  whole  moveable  part  of 
this  apparatus  will  rotate  by  the  trans- 
nusiion  of  an  electric  current  through 
on  making  the  proiicr  com- 


C 


net  acts  from  within  the  cylinder.  The 
reoMin  is,  that  the  tendencies  !o  motion 
of  those  portions  of  (he  moveable  con- 
ductor which  are  most  remote  IVom  the 
magnet,  and  of  those  which  are  nearest 
to  it,  are  in  opposite  directions  with  re- 
spect to  the  centre  of  motion ;  and,  if 
the  conductor  be  cylindrical,  and  the 
current  equally  distributed  on  every 
side  of  it,  must  always  exactly  eoun> 
terbalance  one  another.  This  will  be 
evident  when  it  is  considered  that, 
although  these  latter  portions  are,  in 
consequence  of  their  greater  proximity  to 
the  magnet,  acted  upon  more  strongly, 
this  advantage  is  compensated  l)y  the 
greater  extent  of  tlie  portion  on  the  re- 
mote side,  which  is  acted  upon  more 
feebly.  But  this  equilibrium  will  not 
obtain  if,  as  generally  happens,  the  elec- 
tric current  be  unequally  distributed. 
If,  for  instance,  it  pass  along  one  sida 
only,  the  cylinder  will  revolve  when  Iha 
magnet  is  brought  opposite  to  \t.^n^VGaJlk 
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by  ttw  nwH  irf  the  fBtMbfm 
tm  i  n,  that  Ihe  itMlpoinlim 
luowa  of  1>M  eon-    IbemHltoofl 

«[iuUv  when  I" 

ii  diAtMd  ora 


»ileiidetwire.    Therffccti 

win.  ornmrae,  be  wttker  in  proporiion 
HitbdUnucd;  but  when  th«  Whi^  of 
thlM  Msttlend  loree*  cah  be  broatcht  to 
bw  in  the  production  of  any  effiecl,  the 
•mount wiUba (he tuna  m when therere 
wnMolntwl  in  a.  emtller  ititce.  Thm 
tmtf  flbmnt  of  nhidi  (ha  ^linden  in 
thsM  expariincnta  mn  be  «ippo«cd  to 
ba  naoWed,  oondueti  ile  raneelive  por- 
tion of  0»  oleetrie  current,  and  con>  ' 
liibalM  its  (ban  in  Iba  prodnetion  of 
one  oommon  aflbct,  oame^,  the  nrolo- 
tion  of  the  cgrhndcr. 

In  fike  mumer  it  bni  been  fbnnd  that 
fln  afaream  of  deebidtj,  whieh  i*  pan- 
i^  througli  the  TOltue  bettsy  itMlf 
M —  a.  «_j  („  it,  pontine  pole. 


c 

/ 

1 

axUhtta  the  hum  akdn^-inagnetic  pn>- 
peitlea  that  it  doaa  while  pM(ii%  along 
the  wire  wMdieompMei  (Mcmmt  fay 
ooiuiadiM  the  two  poles;  for  s  maji^ 

netn  needle  pland  in  the  nebiily  of  tu  k,      I 

batteiT,   and  In  dnmnutannei  equally  may  rest  upon  the  ardied  pUe  of  At    | 

hroorable  to  the  adion  of  the  current,  inner  cylinder,  and  remam  balsneed  in 

will  tie   affected  in  the  ume  way  as  it  thi*   position      On   tnfroducing   diluted 

is  by  the  wire  itself.    Now  as  all  sclion  acid  into  the  copoer  vessel,  a  galTsiue 

imjjlies  a  correspond ing  and  equal  re-  tuition    immedialely   commenoea  ;   tbt 

action,  it  is  reaionsble  to  infer  thai,  as  dfctric  current  passing  from  Ihe  line  to 

the  battery  produces  motion  in  the  mag-  the  acid,  and  ascending  from  the  copper 

net,   10  the  magnet  might  be  mnile  lo  through  the  pivot  t>ack  again   to  tbt 

move  the  battery,  if  a  aufficientlv  delicate  sine    Hence  me  sine  ia  in  the  aituatioa 

suspension  could  be  conlrivea  for  the  of  k  conductor  conveying  m  stream  of 

latter,  10  as  to  render  its  motion  sensi-  electricity  downwards,  and   under  the 

bte.    This  could    scarcely  be  effected  inBuence  of  the  magnetic  pole  whidi  il 

with  a  compound  batleiy  of  any  size;  surrounds.     liwill  conse^iuently  n>cdw 

but  by  reducing  il  to  a  single  plate,  with  an  accelerated  motion,  which  ia  at 

making  it  as  light  as  possible,  and  sup-  length  rendered  uniform  by  the  fridioa 

porting  it  on  a  linFle  point,  in  the  way  of  the  fluid. 

In  which  the  cylinder  was  sustained  in        Mr.  Barlow  atates  Ihat  he  has  bt- 

the  last  experiment,  this  object  hai  been  quently,  with   this  wmple  Bpi>anliit. 

accomplished  by  Ampire.  produced  a  veloraty  of  one  hundred  and 

(79.)  The  apparatus  he  employed  for  twenty  revolutiona  ina  minnte. 
thia  purpose  is  represented  in  section,  in        (80.)  llie  theory  just  explained  is  prel- 

Jb,  4).     It  conaiili  of  a  double  cylinder  tily  illustrated  by  an  addition  to  thepie- 

o7  eopper,  C  C,  at>outtwo  inches  and  a  cedinii  apparatos  which  was  made  by 

lialf  in  diameter,  and  (he  same  in  height,  Mr.  J.  Marsh;  and  which  ooncitts  ia 

dosed  at  the  hollom,  so  as  to  form  a  having  asecond  sleel  point  fixed  undcr- 

vcsael  capable  of  holding  diluted  acid.  nea(h  the  upper  part  of  the  arch  whi^ 

The  whole  is  supported  by  an  arched  sustains  thecopper  cylinder:  tbecoppet 

plate  of  metal,  which  passes  across  (he  vessel  may,  by  means  of  this  point,  ta 

upper  orifice  of  the  inner  cylinder  on  itself  balanced  on  the  top  of  ttte  magntl. 

the  upper  end  of  a  strong  magnet,  M,  while  the  sine  cylindrical  plate  is  b^ 

which  IS  introduced  Ihrou^hthe  middle  lanced  on  the  former;  ana  eaeb  mq 

of  the    inlinder.    A    cylinder  of  linc,  thus  lumroand  its  omcentn  iBdapca- 

Z  Z,  maoe  a*  liglit  as  poaiible,  and  sup-  dently  of  the  atlxr*    TUa  m 
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JH  lepreanitedln  Ihe  leclion/^.  so.    An    Irary  iliroctiont  at  their  opposite  sidet. 


tticywill.  on  the  other  hand,  connpini 
piwlucinn  the  same  effect  upon  ■ 
re  placed  between  Ihem.    Thii»  each 


the    electric    current   aicenil! 

copper  cylinder,  while  it  descends  along 

Ihezinclheformer 
ng.  50,  will   be    urged   by 

the  magnet  in  ili 

interior,  lo  revolve 

in  a  direction  ixn- 

trarylo  the  motion 

der.     The  velocity 

of  the  copper  vessel 

IS,  however,  inui;h 

■mailer  I  ban  that 

of   the    iinc,     not 

onl^fromitsfT^ater 

weight,  and    from 

carryi  ng  besides  t  he 

whole   quantity  of 

Bcul,  but  also  from 

the  friction  of  ils 
Spivot  being  in- 
creased    by     Ihe 

wcLk'lit  of  the  line 

plale  which  that  pl- 

\ot  hnsto  support. 

In  this  double   re- 

voliiiion,  nUo,  the 
vilobiiy  of  the  zmc.  plute  is  further  re- 
tarded by  the  incre,iM'<l  resistance  it 
meets  with  rmm  (l>e  fluid  which  is 
movini;  in  a  contrary  direction. 

(81.)  Hr.WHtkinshas  applied  an  up-     of  Ihi  conditilinij  wucs  pn   fi  n',  fist. 
paratus  of  this  kind  lo  each  of  the  |>oIea     S  J,  63,  in  m  hicli  the  electric  current  is 


of  a  horse-shoe  mai^et,  Rrmly  fixed 
ft  metal  stand  at  lis  bent  part,  as  shewn 
il.A?-  '^'-  Tlie  upper  ends  of  the  maf;- 
net  are  furnished  with  a(;nte  cups  for 
receivinc;  Ihe  sleel  pi^ints  on  which  the 
kpparatiu  is  supported.  The  wire  it- 
■elf  traverses  liie  arch  affixed  to  Ihe 
«oppcr  vessel,  and  terminales  in  a  point 
at  tts  upper  extremity  also,  so  that  Ihe 
arch  connected  with  the  linc  plate  rests 
aponit  When  the  apparatus  is  brouicht 
into  ftclion  by  chan^nK  the  vessels  with 
acid,  the  four  cylinders  are  seen  to  re- 
volve on  their  axes,  the  two  copper 
vessels  tuminj;  in  opposite  directions,  and 
the  two  line  cylinders  turning  in  direc- 
tioni  opposite  to  these,  and  of  course 
also  aontrsry  to  each  oilier :  Ihe  rapidity 
of  their  revolutions  depending  on  the 
power  of  the  magnet,  oil  the  strength  of 
the  diluted  acid,  and  an  the  delicacy  of 
their  suspension. 

f83.)  Horse-shoe  magneta  may  also 
be  convenienlly  employed  for  combin- 
ing the  effects  of  both  poles  in  icivinz 
motion  to  a  conducting  wi.  _. 
opostioa  of  Um  tiro  poles  bwr^  in  con- 


rig.  f.3 


D  «,  when  iJaccd 
:  poles  N  and  S, 
le  former  being  north,  and  Hie  leJUwt 
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louth,  and  which,  for  the  sake  of  illus- 
tration, we  may  conceive  to  be  insulated, 
will  be  urged  by  their  united  influence 
to  move  parallel  to  itself,  in  the  direction 
denoted  by  the  arrows  a,  a,  in  the  figures ; 
that  is,  from  right  to  left,  if  the  north 
pole  be  behind,  and  the  south  pole 
lie  fore,  as  in  fig.  52 ;  and  fVom  left  to 
right,  if  the  poles  are  in  a  contrary  posi- 
tion, as  in  fig.  53. 

(83.)    Several   amusing  experiments 

have  been  contrived,  in  which  vibratory 

or  rotatory  motions  of  different  kinds 

are  obtained  by  various  applications  of 

this  principle. 

The  following  is  the  invention  of  Mr. 

Marsh.     A  conducting  platina  wire  W, 

fig.  54,  is  suspended  by  a  loop  from  a 

Pig.  54. 


w 


r 


w 
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m-jtallic  hook  at  the  lower  end  -of  ano- 
tlier  wire,  which  is  fixed  to  the  end  of 
the  arm  of  a  stand  ;  and  which  supports 
above  the  snuill  cup  P,  to  contain  mer- 
cury. The  lower  end  ot*  the  platina 
wire,  whicli  thus  han^s  freely,  dips  into 
a  small  cistern  of  mercury,'  Q,  formed 
out  of  the  wooden  base,  and  is  just  mid- 
wiy  between  the  two  poles  of  a  horse- 
shoa  mag  et,  M,  lai.l  flat  upon  the  same 
base. 

The  mercury  in  the  trougrh  is  placed 
in  electrical  continuity  with  another  cup, 
N,  by  means  of  a  wire  passing  out  from 
the  side,  and  support  ins:  the  cup.  On 
making  a  communication  with  the  two 
ends  of  the  voltaic  battery  by  means 
of  these  cups,  the  current  passing  along 
the  loose  platina  wire,  beinir  influ- 
enced by  the  magnet,  urges  tlie  wire 
either  forwards  towards  Q,  or  back- 
wards   towards    M,  accordinvj;   to  llie 


position  of  the  poles,  and  the  direelioi 
of  the  current  In  either  case  it  ■ 
thrown  out  of  (he  mercuiy;  and  the 
circuit  being  thus  broken,  the  effect 
ceases,  until  the  wire  falls  back  again 
by  its  own  weight  into  the  mercury; 
when  the  current  being  re-established, 
the  same  influence  is  again  exerted, 
the  phenomenon  is  repeated,  and  the 
wire  exhibits  a  quick  succession  of  vi- 
bratory motions. 

(84.)  This  reciprocating  movement  of 
the  wire  may  l>e  converted  into  one  of 
rotation,  by  adapting,  as  pronosedby 
Mr.  Harlow,  a  spur-wheel,  as  shewn  in 
Jig.  55,  to  the  lower  part  of  the  upright 
wire,  which  must  then  be  firmly  fixed 
to  the  arm  of  the  pillar.     The  whwl, 
being  constructed  so  as  to  turn  round 
freely,  will  revolve  with  great  rapidity 
as  soon  as  the  contacts  are  made  with  the 
battery  :  for  this  pur|>ose,  however,  ihe 
wheel  must  dip  so  far  into  the  mercun', 
as  that  each  of  the  rays  shall  touch  the 
surface  l)efore  the  preceding  ray  hai 
quitted  the  mercury.    The  direction  of 
the  motion  depends,   of  course,  on  Ihe 
same  circumstances  as  were  before  men- 
tioned :  Mr.  Barlow  observes,  however, 
that  in  general  the  experiment  succeeds 
best  when  the  wheel  revolves  inwunls. 


Fig,  55. 
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(85.)  But  it  is  not  necessary  to  divide 
the  wheel  into  rays  in  order  to  produce 
the  effect  above  described  ;  for  a  cir- 
cular metallic  disc  substituted  for  the 
sp.ir-wheel  will  revolve  eqiuilly  well, 
when  it  is  traversed  by  an  electrical 
current  passing  into  mercury  between 
the  poles  of  a  horse-shoe  magnet.     For 


I 
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this  purpose  (he  circumference  of  the 
disc  should  merely  touch  the  mercury  in 
the  trouirh.  It  is  necessary  also  that  it 
be  well  amalgamated ;  this  is  best  done 
by  removini^  it  from  its  centres,  and 
cleansing;  the  edge  thoroughly  by  a  file, 
and  then  dipping  a  |)iece  of  wire  into 
nitrate  of  mercury,  and  taking  up  with 
it  a  portion  of  the  mercury  contained  in 
the  nitrate,  transferrinij:  it  to  the  edge  of 
the  disc,  by  rubbing  the  wire,  coated 
with  mercury,  round  it.  This  substi- 
tution of  a  continuous  for  a  divided  disc 
was  suggested  by  Mr.  Sturgeon. 

(86.)  The  same  current  may  be  em- 
ployed to  turn  two  wheels  with  radii,  l)y 
disposing  them  in  the  manner  shewn  in 
/If.  56,  at  the  extremities  of  a  horizontal 
wire  which  is  supported  on  two  pillars 
arising  from  the  stand,  and  which  serve 
the  common   axis  of  the  wheels. 

Fig.  56*. 


energetic,  iiothing  more  will  be  required 
than  a  single  pair  ot  plates.  The  most 
convenient  form  of  a  battery  of  this  kind, 
is  that  described  by  Mr.  vVatkins,  and 
which  is  represented  inyf^.  57. 

It  consists  of  a  double  cylindrical  vessel 
made  of  thin  copper,  wi'h  a  bottom  of 
the  same  metal  A  plate  of  zinc  rolled 
into  a  cylinder,  of  a  diameter  interme- 
diate between  those  of  the  copper  cylin- 
der, is  introduced  between  them,  but 
prevented  from  touching  them  in  any 
part,  by  three  wooden  feet  placed  at  the 
bottom  of  the  vessel,  and  also  by  pieces 
of  wood  interposed  as  wedges  between 
the  sides. 

A  copper  wire  is  soldered  to  the  inside  of 
the  top  of  the  outer  copper  cylinder,  and 

Fig,  57. 


The  lower  ends  of  the  ra^'s  dip  into 
troughs  of  mercury,  each  lying  between 
the  poles  of  horse-shoe  magnets.  Each 
trough  has  its  respective  wire  and  cup 
P  aiid  N  for  makmg  communications 
with  the  voltaic  battery.  The  current 
passing  from  the  one  cup  to  the  mercury 
in  the  trough  on  the  same  side,  rises 
hlon^  the  radius,  which  dips  into  it,  and 
passing  along  the  axis,  arrives  at  the 
other  wheel ;  then  descending  along  its 
radius  into  the  mercury,  it  makes  its 
exit  by  the  cup  on  that  side.  The  elec- 
tric currents,  moving  in  opposite  direc- 
tions in  the  two  wheels,  reiiuire  a  con- 
trary disposition  of  the  poles  of  the  two 
magnets  by  which  they  are  to  be  acted 
upon :  that  is,  the  poles  of  the  two  mag- 
nets that  are  witnin  the  wheels  must 
both  be  of  the  same  kind ;  as  must  hNo 
be  those  that  are  exterior  to  them.  The 
velocity  of  the  wheels  thus  revolving  by 
the  united  action  of  both  magnets  is 
▼eiy  great. 

(86.)  The  experiments  on  electro-mag- 
netic rotation  we  have  described,  do  not 
require  for  their  successful  performance 
a  voltaic  battery  of  any  considerable  size 
or  power.   If  the  magnets  be  sufficiently 

•  Th«  •ncnvnr  bM  forfottcn  to  tntcrt  the  hone- 
•IMM  iDagncta  In  this  wooo-cat,  They  abould  hare 
^•cn  placed  m  the  one  la  fig.  M. 


has  a  small  cup  P,  fixed  at  its  extremity; 
the  wire  passing  through  the  bottom  of 
the  cup  in  order  to  come  in  contact 
with  the  mercury  placed  in  it.  Another 
and  similar  wire  N,  is  also  affixed  to 
the  upper  edsre  of  the  zinc  cylinder, 
likewise  terminating  in  a  cup  which 
holds  mercurj'.  The  battery  is  charged 
by  filling  the  copper  vessel  with  diluted 
acid ;  and  the  electiic  current,  which  is 
the  effect  of  the  voltaic  action  thence 
arising,  may  be  easily  transmitted  to 
the  apparatus  where  it  is  wanted,  by 
means  of  two  bent  copper  conducting 
wires,  one  end  of  the  one  being  inserted 
into  the  mercui7  contained  in  the  cup 
proceeding  from  the  zinc  cylinder,  and 
the  other  in  the  cup  fixed  to  the  copper 
cylinder;  while  the  other  ends  are  im- 
mersed in  the  mercury  placed  in  the 
cups  attached  to  the  apparatus.  T^^ 
current  may  be  aanc«%Vn\  ^t  t«cw^^h^  ^ 
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Kiiv  moment,  hy  remoring  one  end  o( 
eitrwr  connecting  nire  from  iti  cup,  or 
by  replHcing  il.  The  direclion  of  the 
curreni  ca^y  also  be  readily  changed,  by 
merely  excliiui^na  th£  situation  of  the 
wires  in  tno  of  the  cups.  The  eKtra- 
niiiies  of  the  connectini;  Tiirea  thoiild 
he  mitde  perfectly  brieht,  and  the  ends 
of  llie  wire  arms  which  support  the 
cup4  and  enter  the  mercury  in  them, 
0U!;ht  also  to  be  in  n  limilar  stnte,  lo 
that  a  perfect  metallic  contact  may  be 
preserved. 

(87.)  In  making  electro-magnetic  eit- 
perimenta,  where  numerous  repetitions 
of  contacts  Ijetween  wires  are  often  re- 
qnireU,  it  is  eilreraely  useful,  if  these 
wires  are  of  copper,  1o  rub  Ihe  ends 
over  with  a  little  nitrate  of  mercury ;  an 
amHli;iim  is  thus  formed  on  the  surface 
of  ihe  copper,  which  does  not  oxidate  or 
Iweome  dirty,  as  copper  itself  does,  but 
remains  bright,  and  fit  for  voltaic  con- 
tact for  a  considerable  length  of  time. 
For  this  useful  manipulation  ne  are  in- 
debted to  Mr.  Faraday. 

(89.)  The  movement  of  currents  hy 
Ihe  influence  of  the  pole  of  a  magnet 
may  be  exemplified  in  fluid  as  well  as 
in  solid  conductors.  Thus  mercury, 
while  conduct  init  a  current  of  uleciriciiy, 
is  made  to  exhibit  Ihe^e  motions  wiih 
tlic  Erealest  facility.  Uy  immcrsini;  the 
[winls  of  the  positive  and  negative  wirej 
mio  a  shallow  b^sin  conlainiiig  mercury, 
II  maifnul  held  either  above  or  below 
tlie  line  of  communication  will  cause 
the  mercury  to  revolve  round  Ihe  points 
from  which  the  currents  diverge.  This 
motion  may  lie  rendered  more  evident 
t>y  covering  the  mercury  with  a  very  di- 
lute ni'id  solution,  which  occasions  the 
disi^nga^emcnt  of  bubbles  of  air  which 
are  moved  along  with  Ihe  mercury.  The 
same  phenomenon  may  also  be  exhibited 
in  the  following  manner.  If  the  positive 
wire  terminate  in  a  steel  point  which  is 
dipped  into  mercury  contained  in  a  shal- 
I  >w  basin,  so  as  to  convey  into  it  an 
electric  current,  wliich.  passing  in  radi- 
ating lines  through  the  mercury,  is  re- 
ceived by  a  copper  ring  surrounding  the 
steel  point,  and  so  tranferred  to  Ihe  ne- 
gative pole, — by  placing  the  pole  of  a 
strong  magnet  underneath  lt<e  basin 
immediately  below  the  steel- pointed 
wire,  the  mercury  will  be  seen  to  revolve 
rapidly  in  a  vorlex  round  the  point  from 
which  the  currents  diverge.  The  revo- 
lution is  in  Ihe  contrary  direclion,  if 
either  the  direction  o(  Vhe  c\jTrei\\  \i* 
reversed,  or  the  op ^osiVe  \io\e  >il  ^^« 
uagnet  be  &ppUed. 


(89.)  Sir  Humphry  Davy  Ibniid  IhH 
the  arched  strevn  of  electrical  ligld 
which  extends  between  two  pointi  cf 
charcoal  that  are  placed  in  tuvottaia 
circuit,  as  described  in  the  Treatise  oa 
Galtawisk,  $37,  is  thrown  intoan|Nd 
rotatory  motion  by  the  action  of  the  pole 
of  a  magnet  placed  near  it  *. 

Chaptkk  VII. 

Coneeniralion  qf  EffixU. 

(90.)  We  have  already  seen,  $  S-2,  Ihxt 

when  a  conducting  wire   is  placed  be- 

tween  the  conlrary  poles  of  a  magnet,  it 

receives  a  similar  influence  from  ihrse 

far  diret^tion  by  the  united  force  of  bolli. 
A  similar  combination  of  potren  will 
occur  when  the  pole  ol  a  ma^niil  is 
placed  between  two  paralli-1  conducting 
wires,  in  which  the  electric  curreati  an 
moving  in  apposite  directions.  Thus,  if 
Ihe  needle  N  B,  fig.  96,  balanced  ai  a 


Jfe.  58. 


dippinfi  needle,  be  placed  between  the 
two  wires  W,  w,  in  llie  former  of  wh^b 
the  current  is  ascending,  and  in  the  Ut- 
ter descending,  the  north  pole  o(  Ihe 
needle  will  be  urged  in  the  same  dinT- 
tion,  denoted  by  the  arrow  it,  by  bolh 
the  wires,  in  a  plane  parallel  to  Ihe 
wires,  and  at  right  angles  to  the  pisni 
in  which  they  are  both  situated.  Tiie 
south  pole  will  also  be  urged  in  the  cno- 
trarv  direclion  liy  both  wires ;  and  the 
needle  will,  by  the  combination  of  these 
forces,  have  a  strong  tendency  to  tum 
upon  its  centre. 

(91.)  If  the  wires  be  joined  togelhcr 
at  either  end,  or,  what  comes  to  the 
same  thing,  if  a  continuous  wire  he  bent 
back   upon   iUelf.   an   electric   current 


t 
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(h  such  a  wire  will  affect  a  passes  through  A  B,  an.l  comprehends 
jd  between  its  two  branches  the  two  wires.  Suppasinti:  the  wires  to 
he  force  that  a  single  wire  be  of  indefinite  length ;  the  law  of  ac- 
exerted.  This  eftect  may  be  tion  is  such,  that  the  intensity  of  the 
y  the  following  simple  appa-  tangential  force  exerted  on  the  pole  P 
sented  in  fi^.  59  ;  where  the  by  the  wire  A,  is  inversely  as  the  dis- 
lerminating  the  bent  wire  tance  A  P,  which  we  shall  call  a,  and  is 
k^hich  passes  above  and  be-    in  the  direction  P  Q,  j/erpendicular  to 

A  P.    In  like  manner,  the  wire  B  exerts 
rig.  59.  upon  the  pole  P,  a  force  in  the  direction 

of  P  S,  and  which,  on  the  supposition  of 
an  equal  intensity  in  the  two  currents, 

,^^^^r- ^        is  equal  to  the  former  force.     If  these 

two  forces  be  represented  by  the  hnes 
P  Q  and  P  S,  which  we  shall  call  q  and 
*,  the  resultant  force  will  be  represented 
by  the  diagonal  P  R  of  the  parallelo- 
gram, having  P  Q  and  P  S  for  its  sides. 
Calling  PR,  r,  and  AB,  t,  we  have 
this  proportion, 
netic  needle  baliineed  on   a  a  '  i  :  •  Q       r 

e  us  to  transmit  through  it  *      ','^ 

current  in  any  direction  we    that  is,  r  =  —  ; 

1  current,  movina:  in  opposite  ^ 

I  the  upper  and  lower  hori      ^>ii^  in  different  positions  of  P  along  the 
ons  of  the  wire,  will   con-     hne  C  R,  9  will  vary  inversely  as  a;  and 

th  cases,  to  deflect  it  from     .,        .  .„  .  i       4U  *    •       *u 

.v«o;fw^«  ;«  tk^  oor««  A\^^..     there  tore  r  will  be  as  —  ;   that    is,    the 
positron  in  the  same  clirec-  ^t  '  * 

0  bring   it  into  a    position  u •  u  *u        in-  j  • 

right  angle  to  the  plane  of    fo'-ce  t)y  which    he  pole  P  is  urged  in 
^  ^  the  direction  of  the  line  C  R,  by  the  con- 

'  force  with  which  each  pole  Jo>^ed  action  of  the  two  wires  A  and  B. 
in  a  line  at  right  angles  to  vanes,  in  different  situations  m  that  line, 
which  the  wires  are  situated,  inversely  as  the  square  of  its  distance 
s  the  intensity  of  the  cur-  ^*"^n™  either  of  the  wires,  and  directly  as 
.sing  it  to  be  ecjual  in  both  ^^e  length  of  the  interval  between  the 
directly  as  the  length  of  the    wires.  .      ^    ^1         ^ 

ween  the  wires,  and  also  in-         (^3.)  In  order  to  estimate  the  rota- 
te square  of  the  distance  of    tory  force  exerted  on  a  needle  constrained 
im  the  wires.    This  will  ap-    t«  move  round  a  fixed  axis  in  a  plane 
he  following  considerations,    perpendicular  to  that  of  the  wires,  as  in 
B   represent  the  sections    ^^e  examples  above  given.  }}  90,  91  ;  it 
es    passing  pen)endicularly    will  l)e  necessary  to  resolve  the  force 
plane  of  the  figure,  C  being    ^^o\e  found  into  one  acting  m  the  di- 
rection of  the  tangent  to  the  circumfe- 
^tg'  60.  re/ice  of  rotation  ;  that  is,  to  reduce  it 

in  the  proportion  of  radius  to  the  cosine 
^  of  I  he  angle  which  the  needle  forms  with 

'     ^  ij  the  plane  of  the  wires. 

(94.)  In  the  situation  of  the  magnet 
represented  in  fig.  59,  where  the  wires, 
"^J^  instead  of  extending  indefinitely  in  the 

horizontal  direction,  enclose  the  magnet 
also  on  the  sides,  the  infiuence  of  the 
lateral  portions  A  and  B  require  to  be 
taken  into  accourit  in  estimating  the 
wint  of  the  line  A  B.  whicli  effect  produced.  A  little  consideration 
the  interval  between  them,  will  satisfy  us  that  the  action  of  these 
.gnetic  pole  P  be  i/laced  at  parlsconcur  with  those  of  the  horiionial 
ances  along  the  l:ne  C  R,  portions  in  giving  the  same  directive 
ir  to  A  B,  and  consecpienfly  tendency  to  the  needle ;  and  that,  in 
\x  to  the  vertical  plane  which    fact,  if  we  supi^se  the  wire  to  ^>*t  WwV 
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isto  a  ciieular  tonn,  M  sh«wn  in^.  Gl, 
th*  mitKiMtiB  pole  P,  placed  ir.  the  centre 


of  the  circle,  or  ins  line  ■  a-KiTiif  lliroujth 
that  centre,  and  &(  niflil  angles  1o  its 
plane,  would  be  impelled  i:i  one  unifonn 
direclion  liy  an  electric  current  tram- 
milled  through  the  wire,  io  every  part 
of  iti  course  along  that  circular  bend. 
(9S.)  Supposing  it  were  possible  far 
the  current  to  move  in  a  perfect  circle, 
'its  direction  being  that  indicated  by  the 
arrows  in  fieures  62  and  63,  the  norlb 
pule  of  B.  magnet  placed  in  its  centre 
wnuld  move  to  the  right,  and  the  south 


pole  to  the  left ;  as  thrvrn  by  the  arrows 
at  N  and  S.  If  Ine  ncrth  pole  of  a 
magnet,  therefore,  were  presei.ted  to  the 
meIiI  hand  side  of  this  circiflar  airrent, 
it  would  tend  to  move  away  from  it, 
tMvi^gthe  appearance  of  beingrepelltid: 
and  sihce  a  similar  and  reciprocal  action 
takes  place  between  the  magnetic  pole 
and  ine  electric  current,  the  lalter, 
together  with  the  wire  which  conveys  it, 
will,  if  at  liberty  to  move,  recede  from 
the  magnet,  or  appear  to  be  repelled  by 
it.  Just  the  contrary  would  happen  if 
the  south  pole  of  a  magnet  were  pre- 
sented on  the  same  side ;  that  is,  there 
would  be  the  appearance  of  a  mutual 
attraction  between  Ihera.  But  when 
either  of  these  poles  is  presented  on  Ihe 
Other  side  of  the  plane  of  Ihe  circular  cur- 
rent, effects  of  an  opposite  kind  are  pro- 
duced :  the  north  pole  appears  to  attract, 
and  the  toulh  pole  to  repel.  If  the 
north  pole,  which  thus  appears  to  attract 
on  one  side,  be  brought  nearer  and  nearer 
lo  the  plane  of  tbe  airde,  the  apptrent 
■ttradion   goei  oiv  \TWKwiwit.  >:&  «. 


Tvaehes  thai  plane ;  but  Iha  mooNal  X 
patiea  through  it  and  eomei   on  fbi 

other  aide,  a  repulsion  equally  rtnaf 
with  the  fonner  ftltradian  corameneM; 
gradually  diminishing  u  the  diitaKC 
from  the  plane  increases. 

(96.)  lliia  hvpothetical  case  any  ia 
tome  measure  be  rraliaed  in  a  very  in- 
genious  apparatus  invented  by  M.  De 
la  Rive  *,  and  which  is  shown  in  j^.  U. 
It  consists  of  a  small  galvanic  batten, 
formed  ly  a  pair  of  sine  and  coppw 
plates,  Z  and  C,  attached  to  a  con  of 


sufficient  size  to  enable  the  whrfe  ap- 
paratus to  float  on  Ihe  acidu^itcd 
water  which  is  to  act  upon  the  nne. 
Each  of  the  metallic  plates  ^  about  haV 
an  inch  wide,  and  extends  neariy  two 
inches  below  the  cork,  through  which 
its  upper  end  is  made  to  pass.  A  pii~ 
of  copper  wire,  W,  covered  with  s 
thread,  is  affixed  to  the  copper  plitr. 
and  passing  upwards  throuKn  themtL 
is  bent  into  the  form  of  a  circle  of  about 
an  inch  in  diameter,  so  that  the  othtr 
end  returns  into  the  cork  and  ms. 
soldered  to  the  plate  of  line.  In  the 
galvanic  circuit  which  is  thus  formed  tj 
the  acid  and  the  plates  of  zinc  and  cop- 
per connected  by  the  wire,  an  electric  eo^ 
rent  is  determined  from  the  copper  plttf, 
along  the  circular  wire,  to  the  zinc  plile. 
as  shown  by  the  arrows ;  and  the  mo- 
bility of  Ihe  floating  appsratus  affordi 
the  best  opperfunity  of  exhibiting  iB 
the  effects'  of  the  attractive  and  repol 
sive  tendencies  we  have  just  been  ik- 
scribing,  when  a  magnet  is  broofiM 
near  it  on  either  side.  It  ia  propnln 
remark  that  the  instrument  is  rmdod 
more  powerful  by  causing  the  wiia  I* 
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mke  nve  or  lix  turns  in  the  circle,  anil 
th«n  t)ing  the  coils  tot^ihtr  no  a%  to 
form  a  rin^i  irhich  btini;  lliiii  composed 
«f  a  niimtwr  of  concentric  circles,  the 
ftclionofeachiacomhined,anil1he|)ower 
hs  it  were  multiplicil  by  the  number  of 


nthi' 


ml  best 


|Kile  »tft  maijnel,  ptfaetits  a  very  sink- 
ing phi'nomvnon,  ami  rxhibil!i  n  stnme 
nnaloLfy  with  Ihe  mRgnet  itself.  Wk 
nifiy  in  fact  consider  it  us  a  lla.1  mni^et, 
liavint!  its  two  ])otcs  in  llic  i-entre  of  it, 
two  surfaces,  Ihe  one  on  one  s.ili',  nnd 
Ihe  other  on  Ihe  other;  so  that  if,  on 
lookini;  at  one  of  these  surfaces,  the 
current  is  muvine;  in  the  name  <lireelion 
as  ilie  lianils  of  a  watch  move  when  we 
fare  the  dial,  then  the  siile  on  which  we 
are  looking  may  Ih'  r^anleil  as  having 
II'*  properties  of  the  *<mlh  pole;  ami 
the  other  side  that  of  Itie  narlh  jiole. 
The  former  attracts  and  is  attracted  by 
the  noith  pole  ofamasnet',  the  latter 
attracts  and  is  attracted  hy  the  soulh 
pole,  and  w'm  ifrtS. 

(9a.)  A  very  curious  phenomenon  is 
(•ccn  when  ii  niRi;ne1  is  presented  hoH- 
lontHlly  totlie  vertical  electro-mac  net  ic 
rm^  of  M.  De  la  Kivej  hii[mosin|;  lliu 
inacnet  to  W  suHicienlly  slender  id  pass 
t-asily  throiieh  the  ring;.  I(  Ihe  pole  he 
)>resented  to  it  on  Ihe  side  wtiere  ultrac- 
linn  takes  place,  Ihe  rini;  will  m^ve 
t'lwards  it,  lill  it  arrives  at  the  pole,  and 
llirn    priicciils    c'liwards 


ijettine;  entirely  clear  of  the  nmirnet.  It 
is  projected  to  a  considerable  distance 
from  it.  At  lenHtb.  however,  it  itopi, 
and,  Kradimlly  tumini:  rnnnd,  presents 
the  oppiisite  fxce  to  tile  macnet ;  alltac- 
tion  now  \Kkyn  place,  and  Ihe  rini;  re- 
turns to  tlie  nini^nct  with  a  force  equal 
to  that  »iih  which  it  had  bef.ire  Hed 
from  It ;  and  passing  a^xain  over  i(s  pule, 
finally  resTs  in  lis  position  oi'  e<)uililn-ium, 
encircline  the  middle,  or  what  may  lie 
termed  the  eiiuator  of  the  magnet.  In 
the  former  position  it  was  e[|uallv  at- 
tracted by  the  two  poles  of  the  macnel ; 
in  Ihe  latter  it  is  ecuially  n-]ielled :  and 
aicorilini;ly  the   firsi    waa  an  unslaijle. 


njlg.  Gj.  surrounding  Hie  middle  of  tlie 
lagnet,  S.  N. 

Fig.  65. 
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:  held 


)  the 


axis  of  the  lini:,  liL  ii  reaches  Ihe  middle 
of  the  matnet ;  bni  Ihere  It  seems  in- 
clined to  slop;  Bhd  then,  iifter  a  few 
oscillations,  il  settW,  aji  in  a  piisin.jn  of 
eqiiililirimn :  for  if  piirjinscly  displaced 
l>v  brinKiiiE  it  forwards  towards  the 
other  pole,  it  returns  iiiili  a  turce  which 
sliuws  that  it  is  repelled  from  that  oilier 
pole.    Let  us  now  withdr;iiv  the  iniiL'nel, 


and  I 


I  half  r 


poles  are  in  directions  Ihe  reverse  pf 
what  thry  were  at  tirsl.  anil  hoidine:  Ihe 
rin^  in  one  hand,  let  us  ni;ain  Introduce 
llie  magnet  into  it  wilh  Ihe  other  hand, 
until  it  is  half-way  tbruucb.  Uniler 
these  lircnm stances  it  is  just  [mssihle 
Ihal  w*  HiMy  have  brouslit  it  ii.to  such 
a  situation  as  that  the  tinz  may  attain 
be  in  equilibrium,  undetermined  in  wlial 
direction   to   move;    but   Ihe    xlii^hlest 


thkt  pole  which  is  nti.-est  to  ii 


{•r>  J  M.  He  lii  Hive's  apimiatus  uiav 
be  conslnicted  so  as  not  to  rcijuire  the 
liquid  in  which  it  floats  to  consist  of  fh* 
acid ;  for  if  the  cojipi  jilates  he  double, 
iiiid  pass  round  the  ilnc  plate,  so  as  t'l 
form  a  cell  capable  of  holding  lite  acid 
and  the  line  plate,  ihe  »bole  comhina 
lion  may  l>e  enclosed  in  a  class  cylinder, 
which  will  enalile  it  to  float  in  wnler. 
Both  the  surfoces  of  the  zinc  ai'e  thus 
opposed  t<ia  surface  of  cipper,  as  in  the 
construction  pro|>osedl'i  Dr.  V  ollaston. 
(.See  Galvanism,  i  IS)  This  addition 
was  first  suBcesteil  hy  Mr.  Marsh,  and 
is  represenle<l  in  the  preceding  tlifure 
(6ii}.  The  tube  for  iliis  purpose  may 
lie  mad<:  nut  of  ihc  nerk  of  a  Florence 
flask 

(10(1.)  The  maenelic  pro)iertie(  of 
circular  conductors  may  be  exhibited  in 
a  striking  manner  tiy  hendw«  >\a  -«\x«. 
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into  the  form  oT  &  spiral,  see  ^g.  6B. 
ITm  unper  end  of  the  wire  shuul.l  he 
hent  aownwards  and  lerminale  in  a 
point,  for  the  purpose  of  l)einir  infji'rltil 
in  &  cup  coi.tainio^  mercury,  which 
eommunical^i  hy  a  wire  with  one  of  the 
poles  of  Ihe  Voltaic  balterj'.  The  ooils 
of  the  wire  maj  be  either  secured  from 
contact  by  being  wrap|ieJ  round  with 
■ilk  thread,  or  may  lie  Htlached  lo  one 
surface  of  a  curd,  while  the  wire  which 
proceeds  from  the  centre  of  the  coil 
jAsses  throui;h  Ihe  card,  and  descends 
in  a  sIraiKht  line  on  the  opposite 
side,  so  as  to  rest  by  its  pointi'd  extre- 
mity on  Ihe  inside  of  anollier  cup,  also 
containing  mercury,  in  order  lu  form 
a  communication  with  the  other  pole 
of  the  battery.  A  coil  of  this  descrip- 
tion, all  the  successive  coils  of  which 
conspire  totre'her  in  producing  Ihe  op- 
posite polkrities  on  ilstwu  sides,  imitates 
still  more  decidedly  thu  effects  of  a 
cornel,  whose  poles  micht  be  supposed 
to  b«  situaled  in  Ihe  centre  of  each  disc. 
(101.)  A  still  closer  imitation  of  ft 
ma^et  is  olitained  by  making  Ihe  turns 
of  the  wiie  not  in  llie  same  pit 


the  spiral  just  described,  liut  on  a  cyli 
'  *    '  lurfacB.  like  the  ( 

e  which   mathematicians 


have  termed  a  /lelir :  an  nrraiiceraent 
which  possesses  many  remarkable  pro- 
perties, bulh  as  regards  its  interior  and 
its  exterior  action.' 

In  fig.  67,  the  several  lums  of  the 
helix  are  represented  as  separated  to  a 
distance  from  each  other,  in  ordiT  that 
the  direction  of  the  turns,  and  the  po- 
sition of  A  ma^^et  placed  in  the  axis 
nay  be  distinully  aevn.    T\ve  ekeUo- 


pole  of  a  msgnel  placed  in  i^s  axi).  to 
move  in  one  direction  alone  Ihat  taxi. 
and  Ihe  south  pole  in  Ihe  c-)ntrary  di- 
rection. The  furee  tlius  exerled  is,  of 
course,  multi|>)i>'d  in  degree  and  in- 
creased in  extent,  by  each  repetition  of 
the  turns  of  the  wire;  and  a  maenetic 
needle  in  ever)'  part  nf  the  interior  of  the 
helix  will  liave  a  powerful  tendency  lo 
plai-e  itself  in  Ihe  axis,  and  tolum  its 
poles  in  a  manner  conformable  lo  the 
nature  of  the  force  Ihat  is  in  operation. 
(10-2.)  Now  this  force  depends  on  Ivo 
circumstances:  first, the  direction  oftbe 
current  with  reference  to  the  axis  of  lh« 
helix ;  and,  secondly,  the  direction  of 
the  circumvolutions  whii-h  compose  it. 
It  is  well  known  tlial  screws  are  of  two 
Icinds,  distinguished  as  right -handnt 
or  left-handed  screws.  In  the  foratf, 
as  shown  in  _fig.  68,  the  turns  proceed 

^g.  68.  F^.  63. 


I: 

downwards,  (if  the  screiv  be  placed  vil^     j 
its  Htis  vertical)  from  right  to  left,  on 
that  side  which  is  next  to  the  spectator. 
In  the  left-handed  screw   (see /^.  691. 
the  turns  proceetl  in  the  contrar)'  dir«- 
lion.     Now  the  magnetic  polarity  of  l!* 
electric  helix,  which  is  exerted    in  thf 
space  it  encircles,  depends  on  the  dirK-    i 
tion  in  which  the  cunsut  !•.  moving  irth    _. 
reference  to  a  plane  Ht  right  angles  I"    : 
the  axis;  for  if  the  current  be  descenJ-    j 
int;  on  the  side  iit>xt  to.  Ihe  spectatar, 
(in  the   horixontal  JmMz.  fig-  67.)  tbe 
oorlhpoleof  ftTBAJgnst  in  the  lUswiU 
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be  determined  to  the  rif!:ht,'and  the 
south  pole  to  the  left ;  and  this  tendency 
will  be  triven  in  the  ri^ht-handed  helix 
if  the  current  be  transmitted  through  it 
from  left  to  right ;  but  in  the  left-  handed 
tielix  from  risrht  to  left.  It  reouires  but 
a  slisrht  eifort  of  attention  to  these  par- 
ticulars to  perceive  the  influence  they 
have  on  the  phenomena  ;  yet  unless  this 
etiurt  be  made  mistakes  may  easily  be 
committed. 

(103.)  When  the  needle  lies  exactly 
in  the  middle  of  the  axis  of  the  helix, 
the  opposite  forces  which  impel  the  two 
poles  in  contrary  directions,  derived 
from  each  coil  of  the  wire,  exactly 
balance  one  another,  and  the  needle  re- 
mains in  efphlibrium.  When  disturbed 
from  this  position,  by  being  pushed 
nearer  to  one  end,  the  forces  derived 
from  the  turns  of  the  wire  collectively 
act  with  more  power  upon  that  pole 
which  is  nearest  to  the  mi(ldle  point  of 
the  axis,  both  l)ecanse  they  are  nearer, 
and  because  they  act  less  obliquely. 
These  forces  will,  therefore,  prevailover 
those  that  unre  the  more  distant  pole  in 
the  contrary  dirccMcm ;  and  the  mai^et 
will  be  broujiht  back  to  its  former  po- 
sition in  the  middle  of  the  axis.  This 
is  illustrated  \nftg.  70,  which  represents 
a  section  of  the  helix ;  S  N  being  the 

Fiff.  70. 
A    ^        n         r  J) 
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position  of  the  mapiet,  a  little  to  one 
side  of  the  middle  point  of  the  axis.  It 
will  be  evident  tiiat,  in  as  far  as  the  fX)Ie 
8  is  acted  upon  by  forces  derived  from 
the  turns  of  the  wire  situated  between 
A  a  and  C  c,  its  tendency  to  move  out- 
wards is  exactly  balanced  by  the  forces 
arisini;  from  the  action  of  the  wires  be- 
tween lib  and  J)d  upon  the  pole  N. 
ur^in^  it  in  the  contrary  direction; 
because  these  wires  have  exactly  the 
same  relative  situations  to  these  re- 
spective poles.  But  the  pole  N  is  Ih*- 
sides  acted  upon  by  all  the  Niires  that 
are  situated  between  B  h,  and  the  end 
A  a,  and  the  pule  S  by  all  tiiose  situ- 
ated between  CcandDe/.  These  two 
actions  are  in  ojiposite  directiotis;  but 
the  former  is  more  powerful  than  the 
latter ;  first,  l)ecause  the  wires  between 
A  a  and  B6  are  nearer  to  N,  than  those 
between    C  c  and  I)  d  are  to  S ;  and 


secondly,  l>ecanse  they  act  with  less  ob- 
liquity: they  will  therefore  impel  the 
whole  magnet  towards  the  middle  of  the 
axis. 

(104.)  tSo  powerful  is  the  action  of  a 
helix  of  this  description,  that  if  a  small 
maf^ietized  needle,  or  bar,  be  placed 
within  it,  so  as  to  rest  upon  the  lower 
portions  of  the  wire,  the  moment  the 
connexion  is  made  with  the  Voltaic 
battery,  so  that  the  electric  current 
circulates  through  the  wires,  the  needle 
is  seen  to  start  up,  and  ])lace  itself  in 
the  axis,  remaining  suspended  in  the 
air  in  opposition  to  the  force  of  gravity. 
This  will  even  take  place  in  a  vertical 
position  of  the  helix,  presenting  the 
singular  spectacle  of  a  heavy  body  raised 
by  an  invisible  power,  and  maintained, 
like  the  fabled  statue  of  Theamides,  in 
a  situation  totally  free  from  any  ma- 
terial connexion  and  support. 

(105.)  The  magnetic  actions  of  a 
helix  at  its  two  extremities,  and  at  some 
distance  beyond  them,  agree  with  those 
of  the  sides  of  a  simple  circle,  or  spiral 
coil  already  explained ;  one  end  havini; 
properties  similar  to  the  north,  and  the 
other  to  the  south  pole  of  a  magnet. 
But  the  imitation  may  be  rendered  still 
more  complete  it'  the  two  portions  of  the 
wire  which  has  formed  the  helix,  and 
are  situated  at  its  two  extremities,  lie 
bent  back  as  shov^n  in  Jig.  71,  at  N,  8, 
so  as  to  return  in  a  straight  course 
along  the  axis  till  they  arrive  at  the 
middle  point,  where  they  are  again  bent 
at  right  angles,  in  order  to  pass  out 
between  the  coils,  rising  parallel  to  one 
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another,  and  terminating  in  points  for 
the  purpose  of  susiH'nsion  in  cups,  as 
already  described  m  the  ease  of  th(r 
spiral  wire.  Sometimes  one  of  the&e 
wires,  instead  of  leing  In-nt  upwards,  ii 
made  to  descend  vertically,  and  tei 
minate  in  a  sharp  |H)ifit  IhjIow,  where  it 
is  inserted  into  a  cu)). 

(lOG.)  What  constitutes  the  peculUx 
excellence  of  this  •Axx>\wvy«a»xi\. — Hi\»i^ 
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,      fa-,  with  >  view  lo  u< 

1  with    tlM    flondilion   of  a 

II  this  ;  thai  whal- 

9  the  turns  of  the 

ll  part  oT  Un  mre  may  have  in  n 

aduul  dinebon,  (that  U  paraU^-l 

«  tfls,)  ii '  eouBt«rbakiie«d  bjr  lh« 

Wotmy  HtioD  of  the  retumiiut  wire. 
For  ti»  Anction  of  eftch  of  the  heliacal 
portiMM  of  the  wire,  that  of  W  w,  tor 
Uittnee,^.  7S,  being  neeetMrily  miim- 
what  obliqiie,  and  Ihc  muffoeiic  fome  it 
iwita  bang  along  Ha«,  at  light  anglei 


nurrent  through  them,  ceasing  the  in- 
it&nt    thai    cuiTVTit    is    arreslMl.    and 
capable  of  being  ludJenly  rerersn)  by   , 
chan^ng  Ihe  direclion  of  that  current.      I 

(lOB.)  In  orderlo  r*ciiilale  the  oom- 
pHrkon    iif    the    propertip*   of   Wil'itiB 


it  will  tw  fDand  c 


!r.«ryniHL: 
nt  to  I 


Ibain  to  the  nnnite  floating  nlva... 
appantot  deriiea  hy  H.  de  M  Rim 
Sueh  ii  the  one  ifpwwntri  njfg.  Tt, 

fig.  79. 


Ift  that  diraalion,  the  whole  of  the  fonse 
b  not  OMtfed  m  the  direction  of  the 
■^e  A  X.  hot  onW  that  part  of  it  repre- 
wnted  by  C/.  while  another  part,  C  «, 
IB  direetad  at  right  anglea  to  the  axti. 
But  that  portion  of  the  itraight  wire 
which  passes  alon^  the  axis,  and  cor- 
responai  in  ili  li^n^th  to  Ihe  inli:rval 
between  Ihe  two  adjoining  siilral  turns, 
exerts  a  Torce  C  d,  iirecisely  equal,  and  in 
an  opposite  direction  to  C  e.  These  two 
foreeii  therefore,  exactly  destroy  one 
another  1  and  there  remains  only  the 
fbrce  C/,  in  Ihe  direclion  of  the  axis. 

(107.)  Experiment  ha'<  fully  con- 
firmed the  accuracy  of  'his  theoretical 
deduction ;  and  the  heliacal  arrange- 
ment jiiat  described  is  found  to  be  a 
■  tolerably  exact  represenfalion  of  what 
may  be  conceived  to  be  a  simple  or 
dement aiy  magnetical  filament;  for  it 
has  opposite  poles  at  the  two  ends,  the 
one  being  ifbrth,  the  other  south.  It 
obeys  the  action  of  magnets  thai  may 
be  presented  to  il,  tveins  attracted  and 
repelled,  and  assuming  uelerminate  po- 
aitions  with  respect  1o  the  poles  of  the 
magnet,  juit  a*  if  it  were  itself  a  maenet, 
of  which,  indeed,  it  appears  to  possess 
all  the  essential  properties,  and  fur 
which  it  may  be  substituted  in  almost 
every  form  of  experimenL  (t  is  hardly 
necessary  In  ot)>^rve  that  the  polarity  of 
these  Vitllaie  magtieti,  as  we  may  call 
lbeni,is  entirifly  of  a  cjnd'lional  nature, 
dcpt^ndant  un  tlie  pusaf(e  of  the  eVecVinc 
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Both  the  ends  of  the  wine  an  Inn 
made  to  descend  Ihrou^  the  oak,  Ibi 
one  being  soldered  lo  the  linc,  and  the 
other  to  the  copper  plate*-  and  tl« 
whole  being  enclosed  in  a  glas*  cylinirr 
adapted  for  Hoating  it  in  water. 

(109.)  A  very  simple  apparatus  act- 
ing on  the  same  piinciple,  is  that  of 
Professor  Vanden  Boss,  reprasentMl  m 
JJg-  7i.  H  consists  of  a  plale  of  copper 
about  an  inch  square,  and  a  umilar 
plate  of  line,  placed  pmllel  to  Ihe  (ur- 
mer,  their  contact  being  prevented  iw  a 
small  piece  of  cork  interpMcd  between 
them.  To  the  upper  part  of  one  of 
these  plates  a  slender  bnse  wire  is  at- 
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tached,  which  uemd*,  nnd  ii  inaeiled 
into  ftn  openmB  mtde  in  the  lide  of  a. 
lung  quill,  or  a  tulie  formed  of  portions 
of  quills  inierted  lucecsuvelv  into  each 
Other,  and  about  six  or  xeven  inchei  long. 
The  wire,  passing  along  the  interior  of 
the  quills,  comes  out  at  the  end,  and 
being  then  nound  round  the  outside  of 
the  tube  in  k  helix,  along  its  whole 
length,  ii  made  again  to  enter  the  quill 
at  the  other  end  ;  and  proceeding  back 
along  the  axis,  is  brought  out  near  the 
middle,  and  made  to  descend  till  it  meets 
ihe  o'her  plnte,  to  which  it  is  soldered. 
The  whole  appsraius  is  suspended  at  its 
centre  of  fcraviiv  hy  a  piece  of  untwisted 
Kilk'tbreod.  The  plates  being  dipped 
into  ddide  acid,  while  thus  supported, 
the  giJvanic  action  excited  in  tliem  is 
sufGtnent  tu  render  the  helix  magnetical. 

Heliaeal  Rolationt. 

(110.)  Anin);enioiis  mode  of  exempli- 
fying Ihe  rotatory  action  of  a  magnet  on 
b  conducting  wire,  when  coiled  into  a 
helix,  was  contrived  by  Mr.Wathins,  and 
described  in  liit  Popular  Sk^oh  of  Elec- 
tro-Magnetism *.  The  apparatus,  re- 
prevented  mj^.  73.  consists  uf  a  horse- 
shoe maenct,  tirmly  secured  tu  a  wooden 
Ktaod.     £ach  uf  the  poles  of  (he  niagnet 
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is  encircled  by  a  heliacal  coil  of  copper 
wire,  having  a  slender  bar  across  its  top, 
with  a  neeme  point  in  its  centre,  turning 
in  a  conical  hole  drilled  in  the  end  of  Ihe 
tnagnet,  with  a  small  platina  cup  above 
it,  in  order  to  hold  a  globule  of  mercury, 
liie  lower  end  o(  each  of  these  colli  ter- 
Diinates  in  slender,  pointed  wiren;  whicdi 
are  soldered  to  'hem,  and  nliich  are  in- 
tended to  dip  iito  mercury  contained 
in  a  wooden  cistern  below  it,  Gxed  by 
screws  to  the  leg  of  the  magnet.  A  wiw 
also  proceeds  from  the  lower  part  of 
each  cislem,  and,  being  bent  upwards. 
terminates  in  a  small  cup,  also  capable 
of  holding  mercury.  A  brats  stamlanl 
rises  from  the  ba.Ms  of  the  appatHliix, 
having  a  forked  piece  attached  to  lis 
upper  end,  with  two  points  descending 
into  tl)e  iwo  platina  cups  upon  the  tops 
of  Ihe  coils ;  and  (here  is  also  another 
cup  placed  at  the  lop  of  the  forked  piece, 
holding  mercury.  The  voltaic  circuit 
may  thus  be  completed  in  various  ways ; 
either  by  placing  wiri's  in  the  mercury 
contained  in  the  small  side  i:n\i*,  anil 
connectrf  with  one  pole  of  Ihe  batiery, 
whde  nther  wires,  commnnicating  will, 
the  other  pole,  are  placed  in  the  cup  on 
the  top  of  the  apparatus ;  or  else,  threct- 
ing  one  and  tne  same  stream  of  elec- 
tricity through  the  whole  of  the  appara- 
tus, 0}  joining  one  of  the  aide  cups  with 
the  positive,  and  the  other  with  the  ne- 
gative side  of  the  lialtery.  In  (be  former 
case,  the  current,  pausing  in  Ihe  same 
direction,  whether  upwards  or  down- 
wards, in  the  two  coils,  and  being  acted 
upon  by  the  diffrrent  poles  of  the  magnet, 
will  be  ur^d  to  revolve  in  opposite  di- 
rections :  in  the  latter  case,  the  conlraiy 
directions  of  the  currents  in  both  wires, 
ascending  in  tlie  one,  and  dencending  in 
the  other,  bting  respectively  acted  upon 
in  o|)posite  modes  by  (he  contrary  poles 
of  Ihe  magnet,  the  combination  of  thcM 
two  contrarieties  will  produce  rotation* 
in  the  same  direction  in  both  ttie  wire& 

chaptbr  vni. 

Gaivanometan. 
(111.)  The  action  of  a  circular  or  a[n- 
ralcoil  has  been  applied  to  theeonslnw> 
tion  of  an  instrument  for  detecting  small 
quantities  of  galvanic  eleclricitj,  or  Oid- 
vanotcope;  and  also  of  a  Oulwxnometer, 
or  instrument  for  measuring  the  inten- 
siif  of  any  galvanic  current.     For  this 
purpose,  the  diameter  of  the  circle  la-aA 
excee4  the  ten^Vi  oi  \'te  Tsetifflft  ■«'tojJ(v  *. 
■arroundii,  "to  o\4ei  \o  »Sta«  \Ya\iX<^'^tt 
place  ilM\t   m  ft«  ^»a»  ^  <«  **™* 
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tririohhtOMtttpoii't.  ThKsjrthene^ 
dU  ■'•Xr-  "i  ^*'  placed  in  the  same 
pblM  mblho  wire  W  u>.  proceeding  from 
tbBlirocapi,P,  N,  aniibentinacirciilflr 


ar  oni  kna.  m  m  to  endow  it,  the  m- 
IlitcnM  of  aver?  pui  of  the  wire  when 
it  M  nnnMniie  the  needle,  wQl  be  to 
torn  both  its  polet  in  the  nine  nUiorj 
dbcction,  until  it  Iskee  a  pontion  at 
light  an^leat  to  the  plane  of  Ihe  figure. 
Let  thU  plane  be  dtrected  to  the  mas- 
netio  BOftn  and  loulh— that  ii,  eoindde 
irith  thi  tUreetMn  which  the  needle 
aatmJSj  aMnmee  hf  the  mfluenoe  of 
Uw  aartti  when  left  tu  Hielf,  and  undii- 
fuibed  hj  Qm  action  of  an;  dectrie  in- 
fluenop;  and  Irt  a  fectile  nurent  of 
eledrinl;  be  now  Knt  throu^  Ihe  wire* : 
the  eflbet  of  thi*  cun«nt  will  be  to  oc- 
eanon  luch  a  deviation  of  the  needle 
from  the  plane  of  the  magnetic  meridian 
as  will  balance  the  force  whieh  Ihe  maj^- 
netiam  of  the  earth  excita  in  bringing  it 
tonardK  that  pUne.  In  proportion  ai 
the  net^lle  recedas  from  the  meriJiati, 
the  terrrstrial  t'urte  increases  In  inten- 
Mty,  while,  at  llitisame  lime,  the  electro- 
mRKnetlc  force  diminishes ;  the  numbtr 
of  dt^grees  at  wliich  il  utops,  and  whii;h 
mark  where  the  equilibnum  oetween 
these  two  forces  takes  place,  will  thure- 
fbre  indicate,  with  tolemble  precision, 
the  intensity  of  the  galvanic  current  cir- 
cukting  through  the  wires. 

(1 12.)  The  etTect  of  a  single  turn,  or 
coil  of  the  wire  mny  be  increased  by 
multiplying  the  coils;  for  in  this  Buy 
His  tame  current  ia  made  to  act  repeat- 
edly, in  its  course  through  the  convolu- 
lions  of  the  wire,  upon  the  poles  of  Ihe 
jiftme  needle.  It  is  true  that  Ihe  electro- 
magnetic  force  o(  the  current  Is  some- 
what weakened  by  such  an  extension  of 
the  line  of  its  course ;  but  its  diminu- 
tion from  this  cause  will  scarcely  be 
lensilsle,  if  tlic  total  length  of  Ihe  wire 
Iw  not  very  considerable  in  comparison 
with  the  whole  circuit  of  Ihe  current 
including  the  voltaic  battery.  In  order 
lo  prevent  the  electric  current  from 
lakinr  a  shorter  course  than  the  one 
intended,  it  is  necessary  to  seeure  Ihe 
atljacent  [>or(ions   of  the  <Mn«i  ixtxa. 


coining  in  routoal  contact;  for  such 
contact  would  allow  of  the  direct  pas- 
aaee  of  the  current  from  the  one  to  Ihe 
other.  For  this  purpose  Ihe  wire  mii« 
eilher  be  wrapped  round  with  «lk 
.__._!  ^j(j|  sealine  wax. 
I  ..f  the  coil. 

fon«1r\ictvd 

fPH  iuMBtod  bf  Pn- 
r.  orHilk,  WT  POtB 
^er  t)w  mtSmxnn  of  BMetio- 
Magnetim,  and  wu  oalM  ij  Un  m 


(1I4J  One  of  the  dmptat  Kmu  of 
the  intnuMiit  ii  thai  mpwatoJ  m 
fg.  77,  in  whMi  x  oomnoa  MnpM- 
iKodle  ia  ■uipcodad  OD  K  pivot  pnecediw 
from  ■  wooaen  stand,  and  ndoied  by  a 

mg.n. 


great  number  of  turns  of  wire,  tsent  into 
the  shape  of  a  vertical  pitralldograc], 
and  the  two  ends  of  which  terminate, 
as  usual,  in  small  metallic,  cups,  con- 
taining mercury,  for  Ihe  purpose  of 
establishing  connexions  with  any  gal- 


vanic comhination  of  which  we  are 
desirous  to  ascertain  and  measure  llie 
eledrical  state.  A  piaduated  circlr, 
having  a  dark  line  across  it,  coincidins 
with  the  plane  of  the  wires,  is  to  be 
lined  to  the  pivot,  imniediately  undia-  the 
needle,  in  order  to  rMimale  its  deviations 
in  eilher  direction  from  that  jilane. 

(115.)  Greater  mobility  ma^  be  given 
to  Ihe  needle  by  Ihe  more  deiicste  mode 
of  suspension  employed  in  the  balance 
of  torsion.  Wilh  ibis  view,  it  maybe 
suspended  at  its  centre  by  a  fine  thread, 
or,  what  is  best  of  all,  by  a  sinsle  Gla- 
ment  of  silk,  enclosed  in  a  tiuie,  and 
attached  io  the  lower  end  of  a  short 
metallic  wire,  passed  Ihroueh  the  cover 
which  Closes  the  top  of  llw  tube,  and 
capaltle  of  being  turned  in  the  apertuic 
with  some  degn«  of  friotion,  so  as  hi 
bring  the  needle  In  any  required  hori- 
Eontal  position.  The  angular  tuminc 
requisite  for  this  purpose  is  marked  by 
vlu  u%dKiL  fii«d  upon  Ibe  uppn  end  of  Iw 
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wire,  by  reference  to  a  small  graduated 
circlfe  iriimediately  below  it,  in  the  upper 
side  of  the  cover.  All  these  parts  are  re- 
presented in  the  vertical  section»>l!^.  78. 
The  other  jmrts  of  the  apparatus,  as  far 
as  relates  to  the  coils  of   wire  which 

Fig.  78. 


JBIg.  79 
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encirele  the  needle,  are  similar  to  those 
of  the  former  instrument  :  exceptins: 
that  the  wires  in  the  middle  of  the  upiwr 
part  of  the  coil  must  be  separated  a 
little,  in  order  to  leave  an  openinu;  for 
the  free  passage  of  the  thread  that  sup- 
ports the  needle.  A  graduated  circle, 
ecjual  in  diameter  to  the  length  of  the 
needle,  is  j^aced,  as  in  the  former  case, 
immi'diately  below  the  needle.  The 
compass,  wire,  and  card,  are  enclosed  in 
H  box,  in  order  to  secure  them  from  the 
niritations  of  the  air;  and  the  cover, 
trom  the  middle  of  which  the  upright 
tube  rises,  should  be  of  glass,  in  order 
to  allow  of  our  seeing  the  position  of  the 
needle. 

(116.)  Mr.  Ritchie  has  lately  proposeil 
i\  torsion  galvanometer,  in  which  he  em- 
ploys a  thread  of  glass  as  the  material 
for  suspending  the  needle*.  Fig.  79  is 
a  vertical  section  of  his  instrument,  of 
which  he  gives  the  following  descrip- 
tion:—Take  a  fine  copper  wire,  and 
cover  it  with  a  thni  coating  of  sealing- 
wax.  Roll  it  about  a  heated  cyimder, 
an  inch  or  two  in  diameter,  ten,  twenty, 
or  any  numl>er  of  times,  according  to 
the  delicacy  of  the  instrument  required. 
Pyess  together  the  oi)i)osite  sides  of  the 
circular  coil,  till  they  l)ecome  parallel, 

*  rhJluw|ih>n>il  Tr.ui»Ji'lioii>  fur  IS30.  p.  Si 8. 


and  about  an  inch,  or  an  inch  and  a  half 
long.    Fix  the  coil  in  a  proper  sole,  and 
connect  the  ends  of  the  wires  with  two 
small  metallic  cups,  for  holding  each  a 
drop  of  mercury.    Paste  a  circular  slip 
of  paper,  divided  into  equal  parts,  hori- 
Kmtally  on  the  upper  half  of  the  coil, 
and  having  a  black  line  drawn  through 
its  centre,  and  in  the  same  direction  with 
the  middle  of  the  coil.     Fix  a  small 
magnet,  made  of   a  common  sewing* 
needle,  or  piece  of   steel   wire,  to  the 
lower  end  of  a  fine  glass  thread,  whilst 
the  upper  end  is  securely  fixed  with 
sealing-wax  in  the  centre  of  a  moveable 
index,  as  in  the  common  torsion  balance. 
The  glass  thread  should  be  inclosed  in  a 
tube  of  glass,  which  fits  into  a  disc  of 
thick  plate  glass,  covering  the  upper 
side  of  the  wooden  box.  containing  the 
coil  and  magnetic  needle. 

(117.)  This  instrument  enables  ut  to 
estimate  the  comparative  intensities  of 
currents  of  electricity  ciroulating  along 
the  wires  of  the  coil.     For  this  purpose, 
the  needle  is  to  be  placed  directly  above 
the  meridian  hne  drawn  on  the  paper 
.circle,  and  consequently  directly  above, 
and  in  the  direction  of  the  wires  form- 
ing the  upi)er  side  of  the  coil.    As  soon 
as  a  current  of  electricity  is  made  to  cir- 
culate along  the  wires,  the  needle  will  of 
course  be  deflected.    The  glass  thread 
must   then  be  twisted,  by  turning  the 
index,  until  the  needle  is  brought  to  its 
former  position ;    and  the  number  ot 
degrees  of  torsion  m^sV  V^  xvoVA,     K 
similar  exv*»T\m«T\\  xftwj  '^^^'^^  J^!£lL 
with  anol\\«T  cxmenV.,  V\\^  Wxt^tvA  \vv««<«L 
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previouily  been  nnfwiited,  so  that  the 
needle  ii  aflfain  restored  to  its  former 
position.  The  quantities  of  eleotricit^r 
circulating  round  the  wires  will  be  di- 
rectly proportional  to  the  number  of 
degrees  through  which  the  thread  has 
been  twisted. 

(118.)  In  the  common  galvanometers, 
in  which  the  force  of  the  current  is  esti- 
mated by  the  d^ees  of  the  deviation 
of  the  needle,  this  deflecting  force  acts 
with  mechanicBd  disadvantage  as  the 
needle  deviates  from  the  coil.  When  it 
has  been  deflected  nearly  ninety  degrees 
from  its  original  position,  an  audition  to 
the  power  will  produce  scarcely  any 
addition  to  the  effect ;  and  consequent  ly 
the  instrument  ceases  to  give  indication 
of  a  more  energetic  current.  Hence 
Mr.  Ritchie's  instrument  is  better  enti- 
tled to  the  appellation  of  a  galvanometer, 
or  measurer  of  ^Ivanic  electricity,  fhan 
the  former,  which  are  mere  galvano- 
scopes,  or  indicators  of  the  presence  of 
a  ealvanic  current.  It  has,  however, 
the  disadvantage  of  not  being  so  sensi- 
ble to  the  influence  of  feeble  voltaic 
electricity ;  since  the  needle,  being  on 
the  outside  of  the  coil,  is  acted  upon 
only  by  the  difference  of  the  two  con- 
trary electro-magnetic  forces,  arisini; 
from  the  opposite  currents  in  the  upper 
and  lower  parts  of  the  coil.  In  the 
former  arrangement,  the  needle,  being 
l>etween  these  two  j)arts  of  the  coil,  is 
deflected  hy_the  sum  of  these  forces. 

(119.)  The  sensibility  of  the  galva- 
noscope  may  be  very  much  increased  by 
neutralizing  the  directive  force  of  the 
needle  arising  from  the  magnetic  influ- 
ence of  the  earth.  Professor  Gum- 
ming employed  for  that  purpose  a  mag- 
netized needle  placed  immediately  be- 
neath the  moveable  needle*.  Nobili 
improved  upon  this  idea  bv  attaching 
the  neutralizing  needle  to  the  principal 
one,  placing  them  one  above  the  other, 
and  parallel  to  each  other,  but  with 
theii  poles  in  opposite  directions.  They 
are  flxed  by  beintj:  passed  through  a 
straw,  suspended  from  a  thread,  as  irr 
the  apparatus  formerly  described.  The 
distance  between  the  needles  is  such  as 
to  allow  Qf  the  upper  coil  of  the  wires 
to  pass  between  them,  an  openint;  being 
purposely  left,  by  the  separation  of  the 
wires  at  the  middle  of  that  coil,  for 
allowing  the  middle  of  the  straw  to  pass 
freely  through  it.  A  graduated  circle, 
on  which  the  deviation  of  the  needle  is 

•  Tr.in*ariion"«  of   \he  Camlrid^e  Philoso|»hical 


meatored,  it  placed  OT«r  the  wire  on  tin 
upper  surface  of  the  frame  of  the  in 
strument,  having  an  aperture  in  its  cefr 
tre  for  the  free  passage  of  the  needle 
and  straw.  The  whole  of  this  arrange- 
ment may  be  understood  by  a  reference 
\o/ig,  80,  which  represents  a  section  of 
the  apparatus :  «  n  is  the  lower  needk 

Fig.  SO 
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surrounded  by  the  coil  of  wire,  and  con- 
nected with  the  upper  needle  N  S,  bj' 
the  intermediate  straw  shaft  which  v 
seen  to  pass  through  the  upper  horizon- 
tal coil  of  the  wires,  and  aJso  throogh 
the  central  a})erture  of  the  card  imme- 
diately above  it,  on  which  the  graduated 
circle  is  drawn.  In  Nobili*s  instrument, 
the  frame  was  twenty-two  lines  lone, 
twelve  wide,  and  six  high.  The  wire 
was  of  copper,  covered  with  silk,  one- 
fifth  of  a  line  in  diameter,  and  from 
twenty-nine  to  thirty  feet  in  length : 
making  seventy-two  revolutions  round 
the  frame.  The  needles  i»ere  twenty* 
two  hues  long,  three  lines  wide,  a  qunr- 
ter  of  a  line  thick,  and  they  were  plactd 
on  the  straw  five  lines  apart  from  etch 
other. 

(120.)  The  adjustment  of  the  opposinx 
polarities  of  the  two  needles  shoukl  be 
sucli,  that  the  directive  power  of  thecoin- 
bination  resulting  from  the  ma^netUiB 
of  the  earth  is  very'  nearly  balanced; 
the  compound  needle  being  allowed  to 
retain  only  sufficient  power  to  bring 
it  to  a  constant  position  when  unin* 
fluenced  by  any  electrical  current.  But 
V\\vi  \)<fculiar  excellence  of  >he  cantrivance 
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\n,  that  both  iie«dlt!9  are  acted  upon  in 
tlie  same  manner,  as  far  as  the  rotatory 
tendency  \%  concerned,  by  the  adjoining 
wires.  The  lower  needle,  being  in  the 
situation  similar  to  that  m  the  simple 
apparatus  already  described,  $  91,  is 
acted  upon  by  the  sum  of  the  forces  of 
I  he  currents  m  every  part  of  the  coil. 
The  upper  needle,  placed,  with  regard  to 
the  wires,  in  the  same  situation  as  in 
Mr.  Ritchie's  galvanometer,  is  acted 
upon  by  the  excess  of  force  in  the  upper 
current  which  is  nearest  to  it.  This 
force  acts  uivin  it  in  a  direction  the 
reverse  of  that  in  which  it  acts  upon 
the  lower  needle,  because  it  is  situated 
on  the  opposite  side ;  but  since  the  {mIcs 
are  also  in  a  reversed  position,  the  rota- 
tory action  becomes  the  same  in  its 
direction  on  both  needles.  Hence,  be- 
sides the  increase  of  sensibility  in  con- 
sequence of  the  removal  of  the  greater 
part  of  the  opposing  force  derived  from 
the  masnietic  influence  ot  the  earth,  we 
have  also  an  increase  of  })Ower  from  the 
addition  of  the  upi^er  needle.  There  is 
aUo  a  convenience  in  employing  the 
upper  neeche  as  an  index  ;  for  by  allow- 
ing of  the  frraduated  circle  being  placed 
above,  instead  of  within  the  frame,  the 
folds  of  the  wire  may  be  brought  much 
nearer  to  each  other  than  in  the  com- 
mon instniment  :  this  renders  it  more 
compact,  and,  from  the  greater  approxi- 
mation of  the  lower  needles  to  the  wires, 
also  more  powerful.  The  estimation  of 
the  deflection  of  the  needU'  by  reference 
to  the  graduated  circle,  can  also  be  more 
conveniently  made,  from  tbe  view  not 
being  obstructed  by  the  presence  of  the 
wires  above  the  needle,  as  in  the  ordi- 
nary construction.  It  is  hardly  neces- 
sary to  observe,  that  when  fixing  the 
graduation,  the  zero  point  should  be 
placed  so  as  to  accord  with  the  position 
of  the  upper  needle,  when  left  to  tlie 
nndisturhod  net  ion  of  the  mairnetism  of 
the  earth. 

(121.)  It  is  evident  that  if  the  mag- 
netic powers  of  the  two  needles  employed, 
in  Nobili*8  galvanometer  were  perfectly 
equal,  they  would  exactly  neutralize  each 
otner,  as  far  as  regards  the  directive 
influence  of  the  earth ;  and  the  system 
of  needles  would  be  indifferent  to  any 
position.  This  would,  however,  defeat 
the  purpose  of  the  instrument,  the  object 
of  which  is  to  measure  a  feeble  electro- 
magnetic force,  by  putting  it  in  equili- 
brium with  another  force,  likewise  fet* ble, 
but  still  acting,  and  susecptMc  of  mea- 


surement. If,  therefore,  a  perfeetly  ai- 
tatic  needle,  tiiat  is,  one  which  retains 
no  directive  power  whatever,  be  em- 
ployed, it  will  be  necessary  to  find  some 
othet  weak,  but  variable  and  easily-mea- 
surable force  to  obtain  this  equiUbrium. 
Such  a  force  is  that  of  torsion;  and 
accordingly  the  greatest  degree  of  per- 
fection attainable  in  the  measurement 
of  minute  electro-magnetic  forces,  would 
appear  to  be  obtained  by  applying  to  the 
apparatus  of  Nobili,  the  needles  bemg 
previou<ily  rendere<l  perfectly  astatic, 
the  principle  of  the  torsion  suspension 
adopted  t)y  Mr.  liitchie. 

(12'2.)  An  extension  of  the  principle 
of  Nol)ili*s  galvanometer  has  been  pro- 
posed by  M,  I^bailltf ;  who  employs  a 
combination  of  four  needles  instead  of 
two ;  one  pair  being  applied  to  the  upper 
part  of  the  coil,  and  one  pair  to  the  lower, 
m  the  manner  exhibited  in  tbe  section,/^. 
81,  where  N  S,  SN,  represent  the  up|)er 

Fi^.  81. 


pair  of  the  magnets,  having  their  poles 
m  opposite  directions  ;  and  S  N,  N  8, 
the  lower  pair,  likewise  reversed  in  their 
polarities  ;  the  two  intermediate  mag- 
nets, which  are  within  the  coils  of  the 
wire,  having  their  poles  similarly  situ- 
ated, as  is  Ijtkewise  the  case  with  the 
uppermost,  and  lowermost  magnets; 
and  the  whole  being  affixed  to  the  same 
vertical  axis,  which  is  a  piece  of  straw, 
passing  freely  through  the  wires,  and 
through  the  graduated  circle,  which 
forms  the  top  of  the  frame  enclosing 
both  wires  and  needles.  An  index  is 
fixed  in  the  up()er  end  of  the  axis  to 
point  out  the  positions  of  the  needles. 
The  axis  itself  is  suspended  from  tlie 
end  of  8  horizontal  arm,  proceeding  from 
an  upright  pillar  at  the  side  of  the  ap- 
paratus.   In  onler  to  form  the  cKiv^  VL. 
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>f  a  single 
t  tra^ti  of 
MW  ■«,  an  paraiia  wins,  eAch  sixty 
M  )ODg,  Ihe  andi  of  wtueh  are  stripped 
of  llMir  nlk  ooreiingt  utd  united  jn  a 
boDdls  tiT  brii^  pnued  tt^her  wHb 
eooHderude  Ibroe.  In  thii  vaf  tiie 
dcF*rio  cnmnt  which  entcn  »t  om  n- 
tfenrily  ii  divided  into  fi*e  pirii,  and 
iMda  to  flow,  as  it  were,  thnmgh  fln 
•apmta  ohanneli.  It  ii  slIcMd,  in 
ftvour  of  thii  arrangement,  that  Dylhui 
innHiidying  the  channels  of  Iranimi*- 


iralion  of  ioteon^  ariiing  from  the 
(nnmiinioii  of  the  nme  fractional  part 
of  that  mirmit  which  pasaei  through 


ha«  been  termed  the  Dijferential  Galra- 
nofttpJer.  Two  wires  of  equal  siie  nn 
twisted  loaieiher,  so  as  tu  form  a  com- 
poandwire.  which  is  cuiled  round  the 
compass  ne«dle.  as  in  the  inalrutnentt 
already  dcMnbad;  and  Sielbartxln* 
mitiei  of  the  wiiw  ara  iamariid  B  bw 
onpa flOod  with mmnj.  BjUnmnoa 
Ihe  two  emrcnts  wbith  an  to  be  eom- 
pwad  with  one  aaotber,  may  be  (t 


out  ttieVhole  extent  of  the  ouL   Tbne 

opporite  cwTRita,  aeth%  npoB  ti>e  needle 
under  pcedidy  ainular  enenmrtanoee. 


!,  appear  to  be  wanting  lo 
le  na  to  deduce  any  oerlaio  eonclu- 
nona  with  regard  to  this  lubject.  The 
on)v  reaeeiehei  on  thii  point,  a!  which 
we  have  been  able  to  find  an  account, 
are  Ihoae  of  Dr.  Kaemti,  who  came  to 
the  eonduiion  that  the  power  of  the 
inelRiBMnt  to  deflect  the  needle  ia 
•xactlv  in  propurtbn  to  the  number  of 
Monilutiani  of  the  wire:  six  convolu- 
tions Kiving  six  times  Ihe  power  of  utie 
convolution  t.  Bui  it  would  retjuire  a 
much  more  eatended  investi((alion  to 
establish  such  a  principle,  and  to  fix  the 
limils  of  its  operation. 

(123.)  The  advanlHge  arising  from 
Ihe  employment  of  four  needles  instead 
of  two,  in  Mr.  Lebaillifs  intlrunivnl, 
appears  extremely  *  dubious ;  for  it 
■hould  be  recollected  that  if,  on  Ihe  one 
hand,  greater  power  is  gained  by  the 
aotion  of  the  wire  on  the  addiiinnal 
needle,  an  equal  addition  is,  on  the 
other  hand,  made  to  the  weight  that  is  to 
'  he  moved ;  so  that  probably  nothing  is 
thereby  gained  as  to  the  motion  indi- 
ca'lng  that  power. 

(124.)  On  account  of  the  superior 
conducting  power  of  silver,  wirei  of  that 
melal  should  be  employed  in  preference 
lo  those  of  copper ;  and  Ihf y  may  then 
lie  even  as  slander  as  Ihe  sixtieth  of  an 
inch  in  diameter,  which  will  allow  of  a 
peater  number  of  turns  being  included 
m  the  same  space- 

(12S.)  For  the  purpose  of  comparing 
ttie  intunnities  of  two  electrical  currents, 
an  instrument  has  been  contrived,  which 

•  S»  Pnulllti'i  Kltmiat   di   Phniqiia  Enitt. 

»illmlr.IOMl.|l.ro«.  "^ 

'  ft  IgHpbiMl  H>(uiu,  nil.  IiiL,  p.  ML 


fill,  if  Ibey  be  equal,  ezaetlj  a  ... 
eaeh  otiier,  and  the  needle  will  reBHin 
m  eqi^biio  between  the  equal  and  eon- 
traiT  ftireea ;  bat  iftbeeuttcnUbelB- 

3aal  in  intenntv,  the  needle  will  bo 
bited  only  by  tneir  di^nnee.  trtuck 
it  will  thaefbre  indieale  by  ita  nowt 

(i?6.)  When,  on  the  oonta 
wish  merdy  to  aacertain  tha  « 
and .  direetian  of  an  eleetiie  rnmiM. » 
bceomei  an  obgeet  to  bring  the  iiiiiiinl 
as  near  as  poaaible  to  the  naeiB^  ao  that 

ill  siili Ihiiiiiiliiiiiaj  1 iliiiMli 

powerftil.  The  following  nnnhaeiwU 
thia  view,  been  nven  to  tiie  Oehm^ 
aeope,  "Hie  needle  ii  anapended  froB 
its  centre  by  a  fine  thread,  between  four 
vertical  spiral  coils,  the  centre*  of  whidi 
are  brought  very  near  to  the  poksof  tha 
Fig.  82. 


.-  made  to 
circulate  Ihrou^  all  the  four  apiraK 
the  (urns  of  which  are  direoled  n  as  to 
produce  reptilsion  o(  the  cont^^uoua  pui* 
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on  the  one  Ri(le,and  attraction  of  the  same 
pole  on  the  other  side.  This  arraoKe- 
ment  is  shewn  in  Jig,  82,  where  M  is  the 
matrnet  suspended  by  the  thread  T,  be- 
tween the  four  spiral  discs,  coni{K)sed  of 
the  convolutions  of  the  wire  proceeding 
from  the  cup  P,  and  terminatinsr  in  the 
cup  N.  In  each  disc,  the  force  acting 
perpendicularly  to  the  plane  of  the  discs, 
IS  multiplied  i.i  projiortion  to  ihe  num- 
ber of  th**  cinniravolutions  of  the  wire ; 
and  the  spiral  turns  being  made  in  the 
same  directions  in  all  the  discs,  their 
actions  will  concur  in  producing  in  the 
needle  a  deviation  in  the  same  direction ; 
and  the  total  force  will  be  four  times 
that  of  a  single  disc.  This  arrangement 
allows  also  of  a  very  close  approxima- 
tion of  the  needle  to  the  discs^ 

(127.)  The  lightness  and  extreme 
flexibility  of  gold  leaf  have  enabled 
electricians  to  employ  this  material  for 
the  construction  of  a  very  sensible  elec- 
trometer. (See  Electricity,  J  73.)  The 
same  properties  may  be  applied  with 
crvat  advantage  to  the  purposes  of  a 
Galvanoscope,  the  electro-magnetic  force 
of  the  current  l>eing  estimated,  not  by 
the  movements  of  a  magnet  on  which  it 
is  made  to  act,  but  by  those  of  a  move- 
able conductor  through  which  it  is  trans- 
mitted, under  the  influence  of  a  power- 
ful magnet.  The  construction  of  the 
Oold'lea/Gcdvanoscope  is  similar  to  that 
of  Bennet's  electrometer,  excepting  that 
the  leaf  is  single,  and  there  is  added  a 
forceps  to  retain  the  lower  end  of  the 
gold-leaf,  and  complete  the  galvanic 
circuit.  The  slip  of  gold-leaf  ^,/^.  83, 
is  suspended  loosely  from  the  forceps/, 


while  the  lower  end  is  laid  hold  of  by 
another  forceps  A»;  each  forceps  termi- 
nating in  a  cup,  the  one,  P,  bemg  above, 
and  the  other,  N,  below,  for  establish- 
ing the  communications  by  which  the 
current  is  transmitted  through  the  gold- 
leaf.  The  whole  is  enclosed  in  a  cylin- 
drical glass  case,  the  middle  of  which  is 
placed  between  the  poles  of  a  strong 
norse-shoe  magnet  M  m,  so  that  the  gold- 
leaf  may  be  nearly  equidistant  from  them. 
When  the  circuit  is  completed  through 
the  gold-leaf,  the  latter  will  be  attracted 
or  repelled  laterally  by  the  poles  of 
the  magnet,  according  as  the  current 
is  ascending  or  descending ;  the  broad 
surface  of  the  leaf  becoming  convex 
towards  the  magnet  in  the  one  case, 
and  concave  in  the  other.  The  curva- 
ture of  the  gold-leaf  may  be  viewed 
through  a  lens  in  a  direction  at  right 
angles  to  the  line  of  its  motion,  and  may 
be  referred  to  a  fine  line  drawn  upon  the 
tul)e  in  the  direction  of  its  axis.  This 
instrument  is,  perhaps,  the  most  delicate 
test  possible  of  the  existence  and  direc- 
tion of  a  weak  galvanic  current  *. 

Chapter  IX. 

Electro-magnetic  Effects  of  Terrestrial 
Magnetism, 

(128.)  Since  the  earth  ax^ts  as  if  it 
were  endowed  with  a  magnetic  power, 
or  rather  as  if  it  contained  a  powerful 
magnet  in  its  centre,  it  natundly  oc- 
curred to  those  who  explored  the  new 
realms  of  science  which  the  discovery 
of  Oersted  had  laid  open,  that  a  cur- 
rent of  voltaic  electricity  would  itself  be 
influenced  by  the  magnetism  of  the 
earth.  It  was  at  first  found  extremely 
difficult,  howeVer,  to  devise  means  of 
rendering  this  action  visible,  in  con- 
sequence of  the  great  feebleness  of  the 
earth*s  action,  compared  with  that  of 
such  artificial  magnets  as  we  are  in  the 
habit  of  employing.  Amp-dre  at  length 
succeeded  in  obtaining  decisive  evidence 
that  the  conducting  wire  possessed  a 
directive  power  by  the  following  con- 
trivance. Two  wires  A  and  B,^.  84, 
bent  at  right-angles,  are  made  to  pass 
through  a  cylindrical  piece  of  wood  C, 
fixed  at  the  end  of  an  arm  proceeding 
from  the  basis  of  the  apparatus.  They 
are  made  to  terminate  at  both  their 
extremities  in  small  caps,  designed  to 
hold  mercury,  the  cups  r  and  N  being 
intended  to  receive  the  wires  commum- 


*  Camming*!  Manual  of  ElectronDyiiainlet,  q.  IfVi. 
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Mlilgwitt  flMMln  rf  tiie  vcllait  bal-  improvement ilM(Tib«lm}  99.  isalsnei. 
toy  J  ud  ttM  OtbB*,  m  UiU  p.  which  are  ceedin^Iy  welladjipfed  for  Ihe  exhihiiion 
plWid  ttaB  OMiBnMdmtily  above  the  of  Ihe  dimitive  powtr  or  Ihe  palv«D)c 
citrrpnl ;  for  in  conitrqiience  of  Ihe  dm- 
fcct  freedom  of  ntolion  allowed  it.  nhitF 


vg  in  a  fliiid,lt  var  nmiBif 

m  fhm  poMliBn  dna  to  tbe  wage 
mea  of  the  earih.   Wlua  the  |A 


«|Uet 
*n  ImnierMd  in  Midulfttcd  WKter,  u  in 
1(.  De  k  Kin's  original  nparimtiil,  the 
gu  liberated  by  the  adioD  of  the  Mid 


TOfc  a  Mcady  pontkn j  bat  when  put 
into  a  linlc  floating  eell,  the  whole  n»- 
dily  takee  Ihe  poMtxm  above  aentieMd, 
and  CTcn  alowqr  vibrmtea  abont  it.  The 
MmephBiDaienon  iialKabtanedbylbt 
anangcmenti  dtaciibed  in  4  ita  and 
i  109.  which  have  abo  the  m" — ' — 
of  exhiUtinc  the  ttrong 
otbcr.neriTinclhetwoendiofthewlte  which  Iheee  Buttmnenta.  m 
W  W  •>■  whioi  paawi  tbrouKh  a  aniall  ^  daetiioal  enrrcnts  iianWingBm  |pl 
Bieea  of  wood  at  S  and  ii  bent  below  nnia  artion,  have  to  artiiiM  mmmt 
Into  a  ■qaare  or  rectangle  RR.  The  For  in  MnMeqnmee  of  Itadr  IcagtEMO 
opMr  pobit  of  the  wire  mta  on  the  e^indriedfonn,  ihemngnatielareeeHi 
bottom  of  the  eopn;  the  lower  point  directed  along  the  axea,  and  the  fadian 
IxlnKmardrinadeto  diphrtolhemei^  ^biiderp)aoeiil*df,lteaiMcMl.wid 
enr  m  the  eup  p,  without  toaching  it.    <t*   *>i*   in    the  magnatie    iaaiim : 


enrin  the  oupp,  without  toochinff  it.    "    —    —    - —   — .. 

a»  that  the  whole  of  the  wire,  with  iti    whenai,  when  ft  tingle  dnla^  or  ei 

eoaneoling  piece  8.  haa  perfect  ftecdom  Unation  of  drdee  in  a  ein^  nine  m 
et  BMrtion  round  a  yertical  kxii  pining    taken,  that  pkne  win  arrange  «edf  ae 

throuf^h  the  point  of  support  iif  the  up-  *■  to  be  at  riftht  an^e*  to  the  |dane  of 

permost  of  the  two  cupi,  n.     When   n  the  meiidian,  that  ii,  will  beui  a  plane 

conn»ion  ii  made  with  the  Intlery  by  paising  eait  and  west;  tbebee<rfih« 

means  of  the  cups  P  and  N,  so  as  to  plftnc  only  looking  to  the  north  and 

direc-t  an  electric   purrent  through  Ihe  *ovilh. 

wireWWw.  it  will,  from  Ihe  extreme  (131.)  In  all  the  caw*  above  do 
deitcaey  of  its  mode  of  lusprniion,  obrv  i^cribed,  the  multiplicalion  of  the  spiral 
the  magnetic  influence  of  the  enrth,  anil  or  circular  turns  of  wire  ia  nut  pro- 
arrange  itfielf  80  that  the  plane  of  Ihe  diictive  of  the  advantage  that  might  br 
rectangle  K  R  shall  be  perpendiculiir  to  expected,  because,  at  already  remarked 
the  plane  of  the  magnetic  meridian;  with  regard  lo  Ihe  galvanometer  of  Le- 
and  it  will  always  return  to  thia  position  baillif,  §  123,  although  Ihe  power  it  in- 
when  turned  aside  from  it  by  the  hand,  creased,  yet  Ihe  weight  to  l>e  moved  by 
or  any  other  cause.  that  power  is  increased  nearly  in  the 
(129.)  Another  arrangement  which  same  proportion;  and  the  resulting 
exhibits  Ihe  same  effect  is  the  one  motion  is  therefore  nearly  the  same. 
alf«ady  described,  S  100,  andreprexented  <132.)  The  next  point  of  compariMn 
in  Jig.  66 ;  where  the  electro- magnetic  between  the  action  of  the  earth  on  the 
(bree  is  increased  by  ihe  number  of  coils  conducting  wire,  and  on  the  magnetiied 
eompo«ing1he  spiral  wire.  This.spiral,  needle,  relaies  to  Ihe  dip.  Since  the 
aa  in  the  last  ca-te,  immediately  assumes  direction  of  Ihe  force  of  terrestrial 
ft  poaition  in  a  plane  perpendicular  to  magnetism  is  in  a  line  situated  in  the 
the  magnetic  meridian,  ai  soon  as  it  is  magnetic  meridian,  and  inclined  about 
made  the  channel  for  the  tranimission  seventy  decrees  to  the  horiion,  the  ope- 
of  a  current  of  voltaic  electricity.  The  ration  of  this  force  on  a  Voltaic  wii*. 
mode  of  luspenaion  here  described  is  bent  in  a  plane  so  a*  to  deacribe  a 
that  of  Professor  Van  den  Boss*.  circle,  square,  parallelogTun,  or  an* 
(ISO.)  The  apparatus  invented  bv  M.  other  figure  whieh  terminates  whne  It 
.  De  )a  Rive,  ana  described  t  96,  with  the  commenced,    foiping  what  haa    ben 

termed  a  dottd  eiremi,  ia  •-  *— ' —  " 

•  BtfiDtaiq*  ;*mi  nf  SiUdm,  Ho.  XII.  into  a  position  wbM*  it  b  p 
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to  this  direction ;  that  is,  perpendicular 
to  the  position  of  the  dipping  needle. 
(133.)  The  followinfi:  was  the  appa- 
ratus, hy  which  Ampere  succeeded  in 
exhibiting  the  effect  now  described.    A 

Fig.  85. 


wire  bent  in  the  shape  of  a  rectangle 
R  R,  Jig.  85,  is  supported  by  a  tube  of 
wood,  T  T,  passing  directly  across  the 
middle  of  its  longest  sides,  and  serving 
as  an  axis.  Tlie  two  shorter  sides  or 
ends  of  the  rectangle  are  supported  by  a 
light  wooden  beam,  B,  in  the  form  of  a 
lozenge,  the  middle  of  which  is  perfo- 
rated l>y  the  tube  just  mentionedi  One 
end  of  the  wire,  >V,  which  forms  the 
rectangle,  is  fixed  to  a  steel  pivot,  which 
turns  harizontally  on  a  small  metallic 
plate  fixed  upon  the  top  of  an  upright 
metallic  pillar,  rising  from  the  side  of 
the  basis  of  the  apparatus.  A  little 
mercury  is  laid  upon  the  plate  in  order 
to  render  the  contact  more  perfect.  The 
wire,  after  it  has  completed  a  circuit  of 
the  rectangle,  and  returned  to  the  same 
point  W,  where  it  had  commenced  it,  is 
bent  so  as  to  pass  through  the  tube,  and 
to  come  out  at  the  other  end,  tr,  where 
it  terminates  in  another  steel  point, 
taming  in  a  like  manner  upon  a  me- 
tallic plate,  fixed  on  the  top  of  a  pillar 
on  the  other  side  of  the  apparatus.  The 
lower  ends  of  both  pillars,  where  they 
are  fixed  to  the  stand,  are  continuous 
with  wires  supporting  cups  with  mercury, 
]  and  N,  in  tne  usual  manner.  On  esta- 
Idishing  a  communication  between  the 
voltaic  battery  and  the  cups,  the  electric 
eurrent  will  ascend  in  the  pillar  which 
is  next  to  the  positive  pole  of  the  bat- 
tery, and'  circulating  along  the  rec- 
tangular wire,  will  pass  out  by  its  other 
extremity,  descend  by  the  other  pillar, 


and  make  its  exit  through  the  cup  on 
that  side.    As  the  rectangle  is  at  perfect 
hberty  to  move  around  the  axis  formed 
by  the  two  points  by  which  it  rests  on 
the  plates,  and  this  axis  being  hori- 
zontal, it  will  be  limited  to  a  vertical 
motion.    If  the^axis  of  motion  be  placed 
so  as  to  be  at  nght  angles  to  the  mag- 
netic meridian,  and  the  moveable  part 
of  the  apparatus  be  exactly  balanced, 
so  as  to  retain  any  position  in  which  it 
may  be  placed,  then  on    directing  flie 
electric  current  through  the  wires,  flie 
rectangle  will,  after  a  few  oscillations, 
place  itself  steadily  in  the  plane  of  the 
magnetic  equator ;  that  is,  in  a  plane 
perpendicular  to  the  line  of  the  dip; 
i>eing  the    exact    position    which  the 
theory  would  assign  to  it.    On  reversing 
the  direction  of  the  current,  the  mag- 
netic polarity  of  the  wire  becomes  im 
mediately  reversed,  and  turns  completely 
round,  so  as  still  to  place  itself  m  the 
same  plane  as  tiefore,  but  with  its  faces 
tumea  in  opposite  dhrections  to  those 
they  l)efore  assumed. 

(134.)  It  is  evident  that,  by  adopting 
a  similar  mode  of  suspension,  a  voltaic 
magnet,  formed  by  a  heliacal  coil  of  wire, 
as  descnt)ed  in  $  105,  would  exhibif  the 
phenemena  of  the  dipping  needle,  as 
completely  as  a  magnetized  needle. 

(135.)  Thus  has  the  anaiosry  between 
the  action  of  terrestrial  magnetism  on 
wires  conducting  an  electric  current,  and 
magnetized  needles,  been  completely 
established.  We  have  next  to  inquire 
whether  a  straight  wire  is  affected  b^ 
the  earth  in  the  same  manner  as  it 
would  be  bv  the  corresponding  pole  of 
a  magnet  placed  near  it.  In  order  to 
make  this  comparison,  we  must  first 
clearly  deduce  from  the  theory  formerly 
laid  down,  what  effects  are  to  be  ex- 
|)ected  on  a  straight  conducting  wire 
from  the  magnetism  of  the  earth,  or 
what  is  equivalent  to  it,  from  a  south 
magnetic  pole,  acting  at  an  indefinite 
distance,  in  the  direction  of  the  line  of 
the  dip.  The  electro- magnetic  force 
being  tangential,  is  exerted  at  right 
angles  to  tliis  direction,  which  is  thrit  of 
the  line  connecting  the  wire  with  the 
magnetic  pole,  or  origin  of  the  force. 
Its  action  upon  a  current,  whether  as- 
cending or  descending,  which  moves  in 
this  exact  line,  or  the  line  of  the  dip,  is 
reduced  to  nothing:  and  it  must  act 
with  greatest  intensity  upon  a  current 
which  moves  in  a  dir^ion  perpen- 
dicular  to  the  Ime  of  the  dip.  Now* 
in  order  that  a  straif^t  «v%  ^&k|\% 
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_, r.  to  llris  line,  it  must  be 

gwwd  In  &■  ^aoe  of  Ihe  miunuilic 
•qnator.  Bndi,  then,  is  the  direction 
ta  iriiiBh  It  noahes  the  fall  influence  of 
italMlth'l  llMgpathni;  itn-l  this  influ- 
MM  it  anted  in  nrginz  i<  (»  movt  in 
ftfirMtionpanJlel  to  ilsi^lf.  am!  at  the 
Mna  tinu  peijwndioulu  to  tha  line  of 
tha  d^i ;  that  a,  it  tendt  to  continue  in 
the  plane  of  the  mtenetic  equator.  The 
direetian  of  it*  motion  to  the  one  «ide 
«r  ttie  <itbff  muit  depend  eltof^her 
men  the  oonne  of  the  electric  current 
moA  u  paining  through  it.  If  the 
lAe.  fiir  examole,  be  placed  horiiontally, 
Md  haTB  the  diicdion  of  the  magnetK 
Hit  and  weit,  and  the  euitent  of  pou- 
tin  eleetrieitr  he  flowinR  through  it 
ftom  weit  to  eait,  the  tendency  (o  mo- 
Un^in  the  wire,  in  conieqaenae  of  ttie 
jnlaenee  of  the  earih,  which  «cti  like  a 
.  Math  ptde,  ii  toward*  the  north,  that 
la  wnwiifinj  b  the  [dane  of  the  mig- 
netie  eqaatjir,  wluch  plane,  it  maf  be 
nooUeotCd,  dipe  downward!  towardi  the 
nmh,  with  an  inclination  to  the  horiaon 
of  abont  twenty  decreet,  equal  to  the 
eom^ement  of  the  dip. 

rtia  mil  be  more  deafly  under- 
■toad  bj  reference  to  Jig.  86.  in  whieh 
N,  E,  S,  W  repretenU  %  boriionlal 
plane,  S  d,  which  has  nn  inclination 
to  Ihia  plane  of  70°.  is  the  line  of  dip, 
to  which  the  plane  M  M,  representing 
the  plane  of  the  ma^etic  eq^uator,  i<i 
perpendicular.  W  E  is  a  straight  por- 
tion of  conducting  wire,  along  which  an 
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occupy  the  poailion  marked  liy  the  dctltd 
line  we.  If  tlK  electric  current  hud 
been  made  to  ptas  from  E  to  W,  the 
direction  of  the  motion  would  hii«e 
been  altered,  and  the  wire  would  havf 
moved  downwards  In  tbe  sMine  pUne, 
siill,    however,    preseniog    its    paral- 

(13B.)  If  the  wire  extend  in  the  OMg- 
netie  [dane  from  north  to  aootli,  ai, 
liN-  instance,  along  the  line  M  ^  in 
Jig.  87,  N  S,  aa  before,  b«in|[  the  hoti- 
aontal  plane:  and  it  the  dedrie  eat- 
rent  movein  the  direction  HA,  UmI  is. 


Fig.  97. 


ic  current  is  flowing  in  the  direc- 
tion tnm  W  to  E.  Under  these  ch- 
eumstances,  .the  effect  of  the  electro- 
magnetic force  exerted  by  the  earth  is 
to  gi*e  the  wire  a  tendency  to  move 
parallel  to  iUelf,  in  the  plane  M  M.  and 
towards  H,  as  denoted  by  thi:  arrow ; 
*o  that  were  it  at  liberty  to  obey  this 
impulae,  it  would    next   be   found  (o 


from  north  to  south,  the  win  wiD  taal 
to  more  toward!  tiie  eaat,  aa  abewn  by 
the  arrow,  atiU  keeping  in  tha  ■■>• 

flane,  and  nmuning  panlU  to  itadC 
^  on  the  contranr,  the  eurnnt  mm 
ttma  south  to  nanb,  tha  wire  mU  be 
impelled  to  more  from  eait  to  wart. 

It  need  hardly  be  observed  that  all 
ttw'ie  statements  relate  to  what  happens 
in  the  northern  magnetic  hemis^iete  of 
the  vArth,  and  when  the  dip  is  aoout  70 
dei;reei,  as  is  the  case  in  England.  In 
the  southern  hemisphere,  where  the 
northern  polarity  of  the  earth  is  in  ac- 
tivity, the  efFecIa  are  of  course  reverted. 
At  the  magnetic  eqoator,  tvbere  the  dip 
is  nothing,  the  plane  SI  M  is  perpendi- 
cular to  the  horijon,  and  the  tendency 
to  motion  of  a  boriiontal  wire  must  be 
directly  upwards,  ordirectly  downwnriJs; 
and  the  eflV-ct  of  the  terrestrial  mag- 
netism rauitbemerelji  that  of  opposing 
or  conspii'ine  with  gravitation,  that  is  of 
producing  either  an  increase  or  adimlnu- 
tion  in  the  spparenl  weight  of  the  wir«. 
In  these  hi|^h  latitudes  the  inclination  of 
the  maenelic  equator  to  the  horizon  is 
too  small  to  produce  nny  very  sensible 
effect  of  Ibis  kind.  It  haa,  however, 
t>een  rendered  perceptible  in  very  nice 
experimenis 

(137.)  In  consequence  of  the  plane  of 
the  magnetic  equator  being  not  very  far 
removed  from  a  horiiontaT  plane,  wires 
placed  horitontally,  and  bein^  free  lo 
move  in  a  horiiootal  plane,  may  he 
made  to  exhibit  the  actions  of  terTwririal 
magoetiim  without  much  diffioally.  Mi; 
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Faradajr  succeeded  in  obtainine  this 
effect  in  the  following  manner*.  A 
piece  of  copper  wire,  about  .  045  of  an 
ffieh  thick,  and  fourteen  inches  long,  has 
an  inch  at  each  extremity  bent  at  right 
angles  in  the  same  direction,  as  shown 
at-  W  w,  in  flg.  88,  and  the  ends  amal- 
i^raated ;  the  wire  is  then  to  be  sus- 

Fig.  88. 
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pended  horizontally,  by  a  long  silk 
thread  #,  from  the  ceiling.  Two  grooves 
G  g  8re  cut  in  the  sides  of  a  rectan^lar 
piece  of  hard  wood,  parallel  to  the  sides, 
and  about  half  an  inch  in  depth,  and 
filled  with  mercury.  P  and  N  are  wires 
fixed  in  the  l)oard,  passing  each  into  its 
respective  groove,  so  as  to  come  in  con- 
tact with  the  mercury,  and  terminating 
at  their  other  ends  in  cups  for  making 
the  connexions  with  the  voltaic  battery. 
The  points  of  the  wires  are  now  to  be 
slightly  immersed  in  the  mercury  con- 
tained in  the  respective  grooves  ;  and  in 
order  to  obviate  the  inconvenience  aris- 


ing from  the  iilm  of  oxide  which  is  apt 
to  form  upon  the  surface  of  the  mercuty, 
and  impede  the  motion  of  the  wires,  it  is 
advisable  to  cover  the  surface  with  a 
stratum  of  diluted  nitric  acid,  which,  by 
dissolving  the  oxide,  removes  this  oli* 
stacle  to  free  motion.     As  soon  as  the 
connexions  are  made  with  the  battery, 
and  the  electric  current  passes  along  the 
wire,  it  will  be  seen  to  move  latsrally, 
being  carried  across  the  field  until  the 
points  strike  against  the  ends  of  the 
grooves.     On  breaking  the  connexion, 
the  wire  resumes  its  first  position ;  on 
restoring  it,  motion  is  agam  produced. 
On  changing  the  position  of  the  appa- 
ratus with  respect  to  the  points  of  the 
compass,  the  same  effect    still    takes 
place ;  and  the  direction  of  the  motion 
IS  always  the  same  relatively  to  the  wire, 
or  rather  to  the  current  passing  through 
it,  being  at  right  angles  to  it.    Thus, 
when  the  wire  is  east  and  west,  and  the 
electric  current  fiowing  from  west  to 
east,  the  motion  is  towards  the  north ; 
when  the  current  passes  from  east  to 
west,  the  motion  is  towards  the  south. 
When  the  wire  hangs  north  and  south, 
pjid  the  current  moves  from  north  to 
south,  the  wire  is  directed  towards  the 
east,  and  when  the  current  is  reversed, 
towards  the  west.  In  intermediate  posi- 
tions the  motions  of  the  wire  are  in  in- 
termediate directions. 

(138.)  These  difierent  motions  cor- 
responding to  the  different  positions  of 
the  wire,  and  directions  of  the  current, 
are  exhibited  by  the  lines  in  Jlgi.  89,  in 
which  N  and  S  express  the  north  and 


Figs.  89. 
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aoath:  fbe  irrofr-liMdi  itiheendof  the 
fines  shew  the  direelion  of  the  eurrent 
taifhewhv;  end  the  short  snows pro- 
eeeding  UtersUy  from  the  middle,  the 
dkwfion  of  the  motion  indiioed  in  the 


(139.)  It  is  erident  that,  in  all  these 
otses,  the  wire  is  moving  in  obedience 
to  the  same  law,  which  produces  the 
nvolution  of  a  wire  round  a  mafoi^tic 
p<^  in  Mr.  Faraday*s  first  experiment 
on  msgnetic  rotations,  already  described 
({  59).     It   b   a  direct   and   neces- 
sary  Inference   from    this    law,   that 
were    the    two   troughs   of    mercury 
continued  to  evar  so  great  a  length, 
and   even    were  they    carried    round 
th^  globe  in  a  circle  round  the  actini; 
magnetic  pole  of  the  earth,  the  wire 
would  continue  to  move  along  them, 
and  alter  describing  the  whole  chrcle, 
and  returning  from  the  poipt  at  which 
it  had  set  out,  would  resume  its  course, 
^Ad  perform  perpetual  revolutions.    In 
the  very  hnuted  space  compatible  with 
actual  experiment,  the  wire  appears  to 
mpve  in  a  plane ;  tnit  theoiy  shews  that 
it  is  in  realitjr  a  small  portion  of  a  cy- 
linder, of  which  the  radius  is  the  dis- 
tanee  of  the  msgnetic  pole  of  the  earth 
from  the  wire.  It  is  amusing  to  compare 
this  incipient  revolution  of  the  wire  with 
the  complete  rotations  effected  in  expe« 
riments  with   artificial  ma^ets;  and, 
considering  it  as  part  of  a  similar  expe- 
riment upon  a  much  vaster  scale,  to 
view  the  wire    as    setting  out  on  its 
voyage  of  circumnavigation  of  the  globe, 
althouf^h  it  is  in  the  next  moment  ar- 
rested in  its  progress. 

(140.)  It  is  also  a  consequence  dedu- 
cible  from  the  same  law,  that  the  force 
by  which  the  horizontal  conducting  wire 
is  urged  is  the  same  in  all  azimuths. 

(141.)  A  real  rotation,  visible  in  all 
its  course,  mav  however  be  exhibited, 
as  the  effect  of  terrestrial  magnetism. 
This  has  been  accomplished  also  by  Mr. 
Faraday,  who,  reflecting  that  in  the  ex- 
periment of  rotation  round  the  pole  of  a 
magnet,  the  pole  is  perpendicular  to  but 
a  small  portion  of  the  wire,  and  more  or 
less  oblique  to  the  rest,  thought  it  pro- 
bable that  a  wire,  very  delicately  hung 
and  connected,  might  be  made  to  rotate 
round  the  line  of  dip  by  the  earth's 
magnetism  alone ;  the  upper  part  being 
restrained  tp  a  point,  in  the  une  of  the 
dip,  and  the  lower  being  made  to  move 
in  a  circle  surrounding  it.    With  this 


of  an  niA  m  dJametw;  and  ds 
long.  ikO  MnslgMMrfed  all  over,  mm 
hong  bf  n  loop  touiotlMrpieeioftfai 
same  wire,  at  W*  fee  /g.  M,  ao  aa  toal- 
lowofTeiy  freemocion ;  anditalowarori 
IP,  was  thrust  throofl^  a  amaUpnoaof 

1^.90. 


cork,  in  order  to  render  it  biMvaatwhin 
placed  on  mereory.  A  riasa  nwif  tea 
mches  m  ^tiamefer,  was  filed  whhpm 
clean  mercury,  and  a  little  dilute  aeid 
poured  on  its  surtace.  The  f  hk^  win 
whichcommunicated  with  one  of  the  poles 
of  the  voltaic  lottery  was  then  nung 
over  the  centre  of  the  glass  basin,  and 
depressed  so  low,  that  the  thin  moveable 
wire,  having  its  lower  end  resting  on  the 
surtace  of  the  mercury,  made  an  angle 
of  about  40  degrees  with  the  horizon. 
On  the  circuit  through  the  mercury 
being  completed,  the  wire  immediatehr 
l>egan  to  move  and  rotate,  and  continued, 
whilst  the  connexions  were  presenred,  « 
to  describe  a  cone,  which  though  itssxis 
was  perpendicular,  had,  evidently,  from 
the  varying  rapiditv  of  its  motion,  re- 
lation to  a  line  W  D,  parallel  to  the 
dipping-needle,  as  being  that  of  the  force 
by  which  it  was  actuated.  The  direction 
of  the  motion  was,  of  course,  the  same 
as  that  communicated  in  the  expe- 
riment described  (  64,  when  a  south 
pole  is  placed  beneath  the  apparatus. 
If  the  centre  from  which  the  vnre  hunf 
was  elevated,  until  the  inclination  oi 
the  wire  was  equal  to  that  of  the  dip. 
no  motion  took  place  when  the  wire  wu 
parallel  to  the  dip ;  and  if  the  wire  wss 
less  inclined  than  the  dip,  the  motion  ia 
one  part  of  the  circle  capable  of  iMiag 
de8cril)ed  by  the  lower  end  wasreverMd; 
results  that  necessarily  follow  fr^m  tki 
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relation  between  the  dip  and  the  moving 
wire*. 

(142.)  It  18  evident  that  by  restraining 
the  motion  of  one  of  the  ends  of  the 
horizontal  wire  in  the  experiment  de- 
scrit)ed  in  $  137,  and  represented  in 
fif;,  88,  so  as  to  render  that  end  a  fixed 
axis,  and  providing  a  circular  mercurial 
trough  for  the  other  end  to  move  in, 
the  same  force  which  produced  a  paral- 
lel progressive  motion  in  the  former 
case,  will  now  produce  a  rotatory  mo- 
tion ;  because  the  force  producing  a 
horizontal  motion  is  the  same  in  all 
positions  of  the  wire.  This  equality  is 
proved  by  making  the  experiment  with 
two  connected  horizontal  wires  instead 
of  one ;  placing:  them  the  one  imme- 
diately above  the  other,  each  beini^ 
furnished  with  its  separate  mercurial 
trough,  into  which  the  moveable  end 
may  dip.  This  arrangement  is  repre- 
sented in  fig,  91,  where  the  current 
entering  by  the  cup  P,  and  travers- 
ing the  mercury  in  the  upper  trough, 
ascends  througn  the  wire  A,  passes 
on  through  the  upper  horizontal  wire 
to  the  central  wire  C,  placed  in  the 

Fig.  91. 


moving  from  the  circumference  to  the 
centre  in  the  upper  horizontal  wire,  is 
exactly  counterbalanced  by  an  opposite 
rotatory  force  in  the  lower  wire,  in  which 
the  current  passes  from  the  centre  to' 
the  circumference ;  and  as  this  equality 
is  preserved  in  every  azimuth,  it  follows 
that  the  rotatory  force  is  constant  in 
every  position  of  the  wire. 

(143.)  A  vertical  current  in  a  con- 
ductor moveable  round  a  vertical  axis 
is  also  impressed  by  the  influence  of  the 
earth  with  a  horizontal  force,  which 
carries  it  towards  the  magnetic  east, 
when  the  current  is  descending,  and 
towards  the  west  when  it  is  ascending. 
This  will  be  made  apparent  by  suspend- 
ing a  wire  bent  as  shown  in  fig,  92,  A, 
aiid  terminating  above  and  below  in  the 
points  P  and  N,  for  the  purpose  of  being 
placed   in  their   respective    cups,  and 

Fig.  92,  A. 
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axis  of  suspension,  (the  wire  being  hung 
by  the  slender  thread  S,)  aloni;  which 
it  descends,  and  passes  outwanUy 
through  the  lower  horizontal  wire,  and 
thence  through  the  mercury  in  the 
lower  trough,  to  the  cup  N,  whence  it 
escapes  to  the  voltaic  battery.  When 
this  nas  l)een  effected,  it  is  found  that 
the  suspended  wires  exhibit  no  tendency 
to  rotate,  in  whatever  azimuth  they  may 
be  placed.  Hence  it  may  l>e  inferred 
that  the  tendency  to  revolution  which 
the  earth  communicates  to  the  current 

•  Qaarterly  Joonwl  of  Scltnce,  XII.  418 


balanced  bjr  a  counterpoise,  Ij,  When 
the  current  is  passed  through  this  wire, 
the  direction  of  its  course  along  the  two 
horizontal  branches,  H  and  A,  beine  op- 

Eosite,  wiQ  counterbalance  each  otner ; 
ut  that  in  the  vertical  portion,  V,  will 
take  a  position  either  to  the  east  or  west 
of  the  axis,  according  as  the  current 
descends  or  ascends  through  it. 

(144.)  If  the  wire,  instead  of  having 
the  shape  just  shown,  has  the  figure  of 
a  complete  square  or  parallelogram,  as 
shown  in  fig.  92,  B,  the  second  vertical 
branch  will  conspire  with  the  first  in 
making  the  wire  assume  the  same  po- 
sition, namely,  that  in  which  the  current 
descends,  (as  V«)  to  the  east,  and  that 
in  which  it  ascends,  (v,)  to  the  west. 

(145.)  From  an  attentive  considera- 
tion of  the  facts  that  have  now  l)een 
stated,  we  are  enabled  to  unde.ri>V»xAHi\v^ 
a  vertical  c\TCv\\a.x  cwTtvtiV^  >m^«^'^'^  ^>ft 
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the  forces  are  in  equilibrium.  TIk 
nature  of  this  eouilibriuni  will  appear 
ftxyn/lg,  94,  m  wnich  the  circle  is  repre- 
itented  as  seen  from  above ;  and  the 
arrows  point  out  the  horizontal  direction 
of  the  forces,  which  when  the  circle  is  in 
the  line  W  E  pass  through  the  vertical 
axis  and  are  exactly  balanced.  The  same 
letters  denote  the  corresponding  points 
in  the  two  figures. 

2^;^.  94. 


electro-magnetic  force  of  the  earth, 
tends  to  arrange  itself  in  the  plane  of 
the  magnetic  equator.  If  at  liberty  to 
do  so,  it  will  assume  this  .position ;  but 
if  its  motion  be  restricted  to  any  other 
directions,  it  will  place  itself  as  nearly 
as  possible  in  that  plane.  If,  for  in- 
stance, it  be  constrained  by  a  vertical 
axis  to  turn  horizontally  only,  it  will 
place  itself  in  a  plane  perpendicular  to 
that  of  the  magnetic  meridian  ;  that  is, 
directed  east  and  west,  or  fronting  to 
the  north  and  south.  In  its  movements 
to  attain  this  position,  it  is  urged  by  the 
tendencies  of  the  currents,  in  as  tar  as 
their  motion  is  vertical,  whether  ascend- 
ing or  descending ;  for  the  tendencies  of 
the  horizontal  portions  exactly  balancb 
one  another,  and  produce  no  rotatory 
effect.  Thus  if  in  the  circle  A  D,/^.  93. 
which  turns  on  the  vertical  axis,  X  Y, 
the  current  descend  in  the  branch  D, 
and  ascend  in  the  branch  A,  the  former 

Fig.  93. 


will  be  impelled  in  the  direction  D  E, 
and  the  latter  in  the  direction  A  W,  by 
forces  which  cease  only  when  they  have 
attained  the  positions  E  and  \V.  The 
horizontal  portions  at  X  and  Y  neu- 
tralize each  other,  with  reij^ard  to  their 
rotatory  tendency.  Hence  the  circle 
will  revolve  until  it  takes  the  position 
shown  by  the  circle  at  E  and  W,  where 


(146.)  When,  on  the  other  hand,  the 
axis  of  revolution  is  horizontal,  and  the 
motion  vertical,  the  position  is  deter- 
mined by  the  forces  that  act  on  the 
horizontal  parts  of  the  circle,  which  now 
conspire  in  determining  a  rotation  to- 
wards the  plane  of  the  magnetic  equa- 
tor, if  the  plane  of  motion  coincide  with 
the  ma^etic  meridian;  or  if  not,  as 
near  to  it  as  the  restrictions  to  the  mo- 
tion will  allow. 

(147.)  On  the  whole,  then,  it  appears 
that  a  heliacal  coil,  such  as  that  de 
scribed  in  {  105,  balanced  on  its  centre, 
will  assume  all  the  positions,  and  ex- 
hibit all  the  directive  properties  of  the 
magnetic  needle. 

Chapter  X. 

Electro- Magnetic  Induction. 

(148.)  Thus  far  we  have  considered 
the  electro- magnetic  phenomena  that 
result  from  the  reciprocal  action  of  p^ 
vanic  currents  on  ma^etized  homes. 
We  have  next  to  examme  that  class  of 
effects  which  arise  from  the  action  of 
the  former  on  iron,  or  other  ferruginous 
bodies  that  have  not  previously  l>een 
rendered  magnetic.  Experiment  has 
proved  that  a  conducting  wire,  during 
the  passage  of  an  electhc  current 
through  it,  tends  to  induce  magnetism 
in  such  bodies  as  are  in  the  vicinity,  and 
in  which  that  state  is  capable  of  beinfr 
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excited.    Induction t  therefore,  is  one  of  directions,  placed  them  in  the  ele^ncal 

the  phenomena  of  electnvmafrnetism,  circuit  of  a  battery  of  thirty  pairs  of 

and  must  be  enumerated    among  the  plates  of  nine  inches  l>y  five,  and  tried 

properties  of  electricity  in  motion.  their  magnetism  by  means  of  iron  filing^. 

(149.)  It  was  discovered  bolh  by  Sir  They   were  all  magnetic ;    those  that 

Humphry  Davy  and    by  Mr.  Arago,  wore    pHrnlle)    to    the  wire    attracted 

nearly  at  Ihe  same  time,  that  the  con-  filings  in  the  same  way  as  the  wire  it- 

necting  wire  of  a  galvanic  battery  has  a  self;  but  those  in  transverse  directions 

sensible  attraction  for  iron  filings,  and  exhibited  each  two  poles.   All  the  needles 

that  it  will  hold   them  suspended  like  that  were  placed  under  the  wire  when 

an  artificial    magnet,  as    long  as  the  the  positive  end  of  the  battery  was  east, 

electric  current  circulates  through  the  had  their  north  poles  on  the  south  side 

wire ;  but  the  moment  the  galvanic  cir-  of  the  wire,  and  their  south  poles^n  the 

cuit  is  interrupted,  the  action  ceases,  north  side;  while  those  that  were  over 

and  the  filings  immediately  fall  off.    In  the  wire  h;J  their  south  poles  to  the 

Sir  H.  Davv's  experiments,  the  filings  south,  and    their    north    poles  to   the 

adhered  to  the  wire  connecting  the  ix)les  north;  and  this  was  the  case  whatever 

of  a  voltaic  apparatus,  consisting  of  a  was  the  inclination  of  the  needles  to  tlie 

hundred  pairs  of  plates  of  four  inches,  horizon.     On  breaking  the  connexion, 

in  such  considerable   quantities  as  to  all  the  steel  needles  that  were  on  the 

form  a  mass  round  it  ten   or  twelve  wire  in  a  transverse  direction  retained 

times  the  thickness  of  the  wire*.  their  magnetism,  which  was  as  powerful 

The  transverse  magnetic  action  of  the  as  ever,  whilst  those  that  were  parallel 
electric  current  upon  iron  in  its  vicinity  to  the  silver  wire  appeared  to  lose  it  at 
is  l>eautifully  illustrated  by  the  following  the  same  time  as  the  wire  itself, 
experiments,  which  were  devised  by  (151.)  All  the  needles  placed  trans- 
Mr.  Wat  kins,  and  which  he  was  so  versely  under  the  communicating  wire, 
obliging  as  to  show  us.  A  copper  wire  the  positive  end  being  on  the  right  hand, 
of  considerable  thickness  is  extended  had  their  north  poles  turned  towards 
between  the  poles  of  a  voltaic  battery ;  the  face  of  the  operator;  and  those 
and  upon  sifting  over  it  very  gently  some  above  the  wire,  their  south  poles.  Con- 
fine iron  filings,  they  are  observed  to  tact  with  the  wires  was  not  at  all  neces- 
adhere  to  the  wire  all  round  its  circum-  sary  for  the  magnetization  of  tlie  needles; 
ference,  in  the  form  of  distinct  trans-  for  this  effect  is  produced  instanta- 
verse  bands,  the  particles  of  wiiich  mu-  neously,  by  the  mere  juxtaposition  of 
tually  eohere,  as  Ions;  as  tlie  current  is  the  needle  m  a  transverse  direction,  and 
maintained.  When  a  broad  and  thin  that  through  very  thick  plates  of  glas<i. 
copper  ribbon  is  substituted  for  the  wire  A  needle  that  had  been  placed  merely 
as  the  conductor  of  the  voltaic  electri-  for  an  instant  in  this  transverse  direc- 
city,  and  iron  filings  are  carefully  sitted  tion  with  regard  to  the  wire,  was  ren- 
upon  it  in  small  quantities,  they  are  dered  as  powerful  a  magnet  as  one  that 
seen  to  arrange  themselves  in  parallel  had  long  been  in  communication  with  it. 
lines  at  right  angles  to  the  length  of  the  (152.)  The  intensity  of  the  induced 
ribbon ;  and  their  magnetic  properties  magnetism  was  found  to  be  propor- 
are  further  evinced  by  the  quick  changes  tional  to  the  quantity  of  electricity  trans- 
of  position  and  general  disturbance  oc-  mitted  through  the  wire  in  a  given  time, 
casioned  by  the  approach  of  a  magnet  Hence  a  wire  electrified  by  a  common 
brought  underneath  the  conducting  machine,  however  powerful,  produces 
plate.  no  sensible  effect ;  a  feeble  magnetism 

(150.)  It  might  naturally  be  expected  only  is  obtained  by  the  reception  of 
from  these  experiments  with  soft  iron,  large  sparks :  but  on  passing  the  dis- 
that  steel,  under  the  same  circum-  charge  from  a  Leyden  battery  through 
stances,  would  receive  a  |)ermanent  the  wire,  the  needles  placed  transversely 
magnetism.  Sir  Humphry  Davv,  hav-  to  the  vtire  are  rendered  permanently 
ing  fastened  several  steel  needles,  in  magnetic.  The  discharge  of  an  electn- 
different  directions,  by  fine  silver  wire,  cal  battery  of  seventeen  square  feet, 
to  a  wire  of  the  same  metal,  of  about  highly  charged,  through  a  silver  wire  of 
the  thirtieth  of  an  inch  in  thickness,  and  the  twentieth  of  an  inch  in  thickness, 
eleven  inches  long,  some  parallel,  others  rendered  bars  of  steel  two  inches  long 
transverse,  above  and  below,  m  difterent  and  from  one-twentieth  to  one-tenth  of 
an  inch  in  thickness,  so  magnetic^  %*\^ 

•  rtiii««f|i!.U:«iTriiin.uiUon»foriMi,p.».  enable  themVo  «Wt«cX  wsv-^X  ^>kr*a  v*. 
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steel   wire  or  needier ;  and  the  effect  by  a  coTering  of  sflk,  or  other  non-con- 

was  communicated  to  a  distance  of  five  ducting  materiaL     When  the  wire  in 

inches  above  or  below  laterally  from  the  made  part  of  the  galvanic  circuit  of  a 

wire,  through  water,  or  thick  plates  of  batterer,  even  of  moderate  power,  the 

glass  or  metal  electrically  insulated.  iron   is  rendered  powerfully  magnetic, 

(153.)  The   efficacy  of  electro-mag-  and  will  lift  up  a  very  heavy  weight  by 

netic  induction  is,  as  might  be  expected,  means  of  a  piece  of  iron  applied  to  its 

greatly  increased  by  employing  a  helia-  poles,  which  act  precisely  like  those  of 

cal  coil  of  wire,  and  placing  the  needle  a  horse-shoe  magnet.    Fi^.  95  exhibits 

or  bar  to  be  magnetized  in  the  axis  of  an  arrangement  of  this  kind ;  W  w  being 

the  helix,  in  the  situation  represented  in  the  two  ends  of  the  wire,  coiled  round 

Jig,  67.     Mr.  Arago  first  employed  this  the  iron  to  be  magnetized,  and  bent  so 

met h<^,  and  was  enabled  to  produce  the  as  to  dip  into  the  cups  P  and  N,  for 

maximum  effect  on  the  needle  almost  in-  forming  connexions  with  a  battery, 
stantaneously.  It  is  not  necessary,  how*  j^-     ^^^ 

ever,  that  the  bar  to  be  magnetixecl  should  ^* 

be  exactly  in  the  axis  of  the  helix,  as  it 
may  lie  in  any  situation  within  it,  or  be 
inclosed  in  a  tul^e  of  glass,  or  of  any 
other  material  which  is  nc^  a  good  con- 
ductor of  electricity.  Such  a  tube  will 
also  be  convenient  as  a  support  for  the 
coils  of  the  wire,  as  well  as  for  admitting 
of  the  introductiouiof  different  needles  in 
succession.  The  needle  should  not  be 
allowed  to  remain  beyond  a  moment  in 
the  tul)e,  for  the  magnetizing  effects  of 
the  helix  are  produced  nearly  instanta- 
neously ;  and  it  sometimes  happens  that 
if  the  needle  be  left  there  a  few  minute 
the  pdarity  it  had  at  first  ac(iuired  be- 
comes impaired,  or  confused,  and  eve;i 
occasionally  destroyed. 

(154.)  If  a  lone:  s'tel  wire  be  placed 
m  the  axis  of  a  helix,  the  direction  of  057,)  This  experiment  has  been 
the  turns  of  which  chanjje  at  diiferent  ^^^^  "PO"  *  ^'^'"y  ^^^  scale  by  Pro- 
points,  the  wire  will  be  found  to  have  a  ^^ssor  Moll  with  an  apparatus  con- 
number  of  consecutive  points,  corre-  structed  by  Mr.  Watkins*.  It  con- 
spondine:  to  those  at  which  these  changes  ?>s*^^^  ^^  ^  cylinder  of  soft  Enclish 
take  place.  iron,   an   inch   in  diameter,    bent   into 

(155.)  Mr.  Watkins  observes  that  the  ♦^e  form  of  a  horse-shoe,  the  inter\'al 
needle  to  be  magnetized,  if  it  be  not  between  the  ends  being  eight  inches 
very  hard,  need  not  have  its  whole  ^"^  a  half.  The  copper  wire  forming 
lenlrth  inserted  into  the  i;lass  tube  ;  for  ^^e  spiral  was  one-eitrhth  of  an  inch  in 
if  held  inihe  hand  so  that  only  half  of  fliameicr.  and  made  eighty-three  convo- 
it  is  within  the  helix,  it  will  become  l»itions;  the  weight  of  the  whole  was 
magnetic  equally  with  one  that  has  five  pounds.  A  connect  ins:  piece  of  iron 
been  wholly  acted  upon;  because  the  was  placed  in  contact  with  the  two  ex- 
portion  of  the  needle  that  has  received  tromities  of  the  horse-shoe;  and  the 
the  masjnetism  communieates  it  to  the  ^'"^*«  of  the  spiral  wire  dipped  in  mer- 
other  portion.  When  a  small  part  of  a  ^ury,  so  as  to  form  a  voltaic  circuit  with 
needle,  very  hii^^hly  tempered,  is  intro-  *  simple  battery,  consisting  of  a  imc 
duced  into  the  glass  tube,  the  induced  P^*"^^^'  which  exposeil  a  surface  of  eleven 
magnetism  will  be  found  to  extend  to  siju are  feet  to  a  veiy  diluted  mixture  of 
about  twice  the  length  of  the  part  so  sulphuric  and  nitric  acids,  in  a  copjw 
introduced.  CfH-     In  the  first   experiment   the  «i»- 

(156.)    A   very   powerful    temporary  P'lratus   sustained,    first,    fifty  pounds, 

mairnel  may  be  obtained  by  bendintr  a  and  afterwards,   with  care,  seventy-six 

thick  cylinder  of  soft  iron  into  the  form  ponnds,  by  the  magnetism  induced  upon 

of  a  horse-slioe,  and  surroundinsr  it  with  '^* 
R  coil  of  tiiick  copper  wire,  secured  from         (158.)  When  the  weight  suspended  to 

communication  among  its  several  parts  .  BiM.oiheqne  Univcr..!!,.  1830. p.  u\ 
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the  transverse  bar  of  irOn  is  small,  it  is  form  of  a  horse-shoe.  Five  hundred 
found  that  the  iron  retains  its  ma^et-  and  forty  feet  of  copper  t)ell*wire  was 
ism  for  some  time  alter  the  voltaic  com-  wound  round  it,  in  nine  coils  of  sixty 
munication  is  broken.  If,  instead  of  feet  each.  These  coils  were  not  con- 
merely  breaking  the  connexion,  the  tinned  from  one  end  of  the  magnet  to 
electric  poles  are  chang;ed  so  as  to  re-  the  other,  but  each  of  them  was  wound 
verse  the  direction  of  the  current,  then  round  a  portion  of  the  horse-shoe  about 
the  reversion  of  the  magnetism  takes  an  inch  m  length,  leaving  the  ends  of 
place  with  extraordinary  rapidity.  The  the  wires  projecting:,  and  properly  num- 
weight,  indeed,  falls  off,  but  is  instantly  bered.  The  alternate  ends  were  soldered 
again  attracted  and  sustained  with  the  to  a  copper  cylinder,  and  the  others  to 
same  force  as  l)efore.  The  rapidity  of  a  smaller  cylinder  of  zinc,  containing 
\h\n  chani^e  is  the  more  extraordinary  only  two-fifths  of  a  square  foot,  and 
when  it  is  compared  with  the  slowness  forming  a  voltaic  arrangement  with 
and  difficulty  of  changing  the  poles  of  a  dilute  acid.  "When  the  armature  of  soft 
magnet  of  equal  force  by  the  ordinary  iron  was  placed  across  the  ends  of  the 
method.  If,  instead  of  a  heavy  weight,  horse-shoe,  it  was  found  capable  of  sup- 
a  light  steel  needle  be  in  contact  with  porting  G50  pounds;  an  astonishing 
the  poles  of  the  electro- magnet,  the  effect  for  so  small  a  battery,  which  re- 
needle  never  falls  off;  the  attractive  auired  a  charee  of  only  half  a  pint  of 
force  being  destroyed  and  re-established  ailute  acid.  With  a  larger  battery,  the 
before  the  weight  of  the  needle  has  time  weight  sustained  was  750  pounds,  which 
to  effect  its  removal.  seemed  to  be  the  maximum  of  magnetic 

(159.)  An  extraordinary  sensation  is  power  that  could  be  developed  in  that 
experienced  when  the  piece  of  soft  iron  bar  bv  voltaic  electricity.  It  is  remark- 
connect  inc:  the  poles  is  held  in  the  hand  able  tnat  when  the  ends  of  the  wires  were 
during  this  change.  At  first  a  power-  united  so  as  to  form  a  continuous  wire 
ful  attraction  is  felt ;  this  on  a  sudden  of  540  feet,  the  weight  raised  was  only 
fails,  and  the  iron  gives  way;  but  the  145  pounds. 

force  is  so  instantaneously  renewed,  that  In  a  subsequent  experiment,  li  mag- 

the  hand  is  violently  drawn  up  again  by  net  was  wound  with  twenty-six  strands 

an  attraction  as  strong  as  before.    The  of  copper  bell-wire,  covered  with  cotton 

moment  the  voltaic  circuit  is  completed,  thread,   thirty-one    feet    long  ;    about 

the  iron  is  magnetized  to  a  maximum,  eighteen  inches  of  the  ends  were  left 

and  sustains  its  greatest  weight.     No  projecting,   so  that   only    twenty-eight 

increase  of  magnetic  power  is  chained  feet  of  each   actually  surrounded  the 

by  augmenting  the  force  of  the  voltaic  iron.    The  aggre8;ate  length  of  the  coil 

battery.  was,  therefore,  728  feet.    Each  strand 

(160.)  With  a  larger  horse-shoe  ma^-  was  wound  on  a  little  less  than  an  inch ; 

net  of   soft  iron,   weighing  twenty-six  in  the  middle  of  the  horse-shoe  it  formed 

pounds,  and  of  which  the  diameter  was  three  thicknesses  of  wire;  and  on  the 

two  inches  and  a  half,  the  chord  of  the  ends,  or  near  the  poles,  it  was  wound  so 

arc  being  twelve  inches  and  a  half,  and  as  to  form    six  thicknesses.    With  a 

the  spirfd  wire  being  of  brass,  one- eighth  battery  nearly  five   feet    square,    this 

of  an  inch  in  diameter,   and    making  electro-magnet  suspended  2063  pounds, 

forty-four  turns,   and  with    the    same  or  nearly  a  ton  weight.    This  appears 

voltaic  battery  as  in  the  former  experi-  to  l>e  the  most  powerful  single  magnet 

ment,  the  magnet  supported  139  pounds,  ever  constructed,  either  by  the  ordinary 

When  an  iron  wire  was  used,  instead  of  modes  of  magnetizing  steel  bars,  or  by 

a  brass  one,  this  was  increased  to  1 54  the  voltaic  current, 

pounds.  (162.)    Trials    were    also   made   to 

(161.)  However  great  these  effects  procure    a    small    temporary   magnet, 

may  appear,  they  are  much  increased  which  should  raise  the  greatest  weight, 

by  augmenting  the    number  of   coils,  compared  with   its    own    weight.      A 

without  extending    the   length   of   the  small  horse-shoe  of  round  iron,  slightly 

wire.    Professor  Henry,  of  the  Albany  fiattened,  one  inch  in  length,  and  six 

Academy,  in  the  United  States,  and  Dr.  tenths  of  an   inch  in  diameter,  wound 

Ten  Kyck,  employed  for  the  construction  round  with  three  feet  of  brass  wire, 

of  the  magnet  a  soft  iron  bar,  two  in  raised,  by  means  of  a  C3rlindrical  battery, 

ches  squHre,  and  twenty  inches  lonsr,  420  times  its  own  weig^it.    Sir  Isaac 

having  the  edges  rounded,  bent  into  the  Newton  describes  a  magnet  weighing 
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three  t^rains,  which  he  wore  in  a  rintr,  !>piral,  while  the   intervening  partidef 

and  which  is  said  to  have  raised  740  form  filaments  inclininc:  from  the  centre 

(Trains,  or  25U  times  its  own  weiirHt.  and  in  proportion  to  their  distance  from  it  *. 

this  is  the  greatest  relative  strenufth  of  The  reason  of  this  will  be  evident  from 

any  magnet  yet  recorded.    It  is  evident,  the  principle  explained  in  (  50. 

therefore,  that  a  much  greater  detrree  of  (164.)  There  appears  to  be   a  veiy 

maci:netism  can  l)e  developed  in  soft  iron,  essential  difference  in  the  effects  of  the 

by  a  galvanic  current,  tnan  in  steel  of  shock  of  an  electrical  battery  discharged 

the  same  dimensions,  by  the  ordinary  thmugh  a  wire,   and  that  of  a  voltaic 

processe^s  of  magnetizing*.  battery,   in   communicating  permanent 

Mr.  Watkins  informs  us  that,  m  order  magnetism  to  steel  Iwrs  or  needles.    Mr. 

to  obtain  magnets  of  any  power  by  the  Savary  has  brought  to  light  several  very 

above    described    method,   great    care  ciurious  particulars  relating  to  this  sut>> 

must  Ihj  taken  to  ensure  tlie  purity  of  ject,  which  have  hitherto    received   no 

the   iron  employetl  to  form  the  horse-  explanation +.      When    the    discharge 

shoe  magnet  ;   and  after   it   has  been  from  a  Leyden  battery  is  made  through 

welded  and  reduced  to  the  proper  shape,  a  straight  wire,  different  needles,  though 

it  is  advisable,  in  onler  thoroughly  to  eciiral  in  size,  and  parallel  to  each  otlier. 

destroy  any  magnetism  it  may  have  ac-  and   placed  transversely   on   the  same 

cidentally  acquired  and  retained  during  side  of  the   wire,  but  at   different  dis- 

the  process,  to  heat  it  in  a  furnace,  and  tancesf,  have  their  polarities  not  disposed 

afterwards   c(K)1   it   very  gradually,   by  in  all  of  them  in  the  same  manner.     In 

allowing  it   to  remain   undisturbed  till  some  the  poles  have  the  same  relative 

the  furnace  itself  has  grown  cold.     Hut,  situation  as  those  of  a  needle  jireviously 

even   after  every  precaution  has   been  magnetized,   and  free  to  move,  which 

taken  to  ensure  success,  we  are  still  lia-  has  taken  the  position  it   \^ould  have 

ble  to  l>e  baffled  by  causes  which  we  when  ii'nder  the  influence  of  a  continued 

cannot  explain,  and  which,  when  all  cir-  voltaic  current  passing  in  the  same  di- 

cumstances  seem  lo  be  the  same,  pro-  rectioii  along  the  wire, 

duce  great  and  uuexptcted   variations  But  in  others  the  position  of  the  in- 

in  the  results.     It  should  be  borne  in  duced  poles  is  the  reverse  of  this.     For 

mind,   indeed,  that    similar  embarrass-  the  sake   of  conciseness  of  expression, 

ments  are  often  experienced  in  coridiurt-  we  shall  call  the  action  \Nliich  pro.i'.ici*' 

iiig  almost   every    utlu-r   experiment   in  an  arran::ement  of  i)nlfs  simil.ii  ti»  :l;at 

electro-magnetism,  tlu-.i'  results  appear-  resulting  frum  a  voltaic  current. ;«y4/^/;-. 

ing  to    be   mure   or    less  cHpucious  in  ma^/ietiz<ition :  WwcoiV.r.iry  vtW^i  beiwi: 

proportion   as  the  c«intiitions  necessary  \\va\  of  nrj^uiirr  ma^nrt^zat^'lf^.     Thus, 

to  he  fultilleii,  hel'oie  uniformity  can  he  in  a  series  of  experiments  m  whieh  tiie 

»»htaineii,  are  niunerous  ami  delicaie.  needles    uere  placeii  at   ili-^^uices  l"r«,:n 

(hi.J.)  The  hest  foim  of  a  ci)ndnctmg-  the  wire  which  increased   l)y  tijiiul  la- 

\M»e  fur  exlnhiting  its  attuiction  for  iron  ter\als,  at  ihe  point  i»f  contact  v\rh  '»•' 

liiing>  is  that  of  a  tlat  spiral  coil,  similar  wire   the    ni-edie    was  m:tmic'iz4'd  pi.si 

to  what  is  rej)resented  in  //i,'.  <i«i.  whieh.  tively,  at   a  small  ilis'ance  riei:atAe:\  : 

however,   for  this  purpose  need   not  he  a  little    further   off   it   had  ac<juirt-d  nc 

rendered    moveable.      A   wire    of    this  magnetism    whatever;    at     a    di-tann- 

I'orm,  through  which  an  electric  current  somewhat  greater  than  this,  it  exlnhitcd 

is  made  to  circulate,  will  colK'Ct   a  pro-  i)osit,vemai:netism  ;  and  ttiis  effect  con- 

digious    (juantity   of    iron    tilings,    and  tinned    for   a   certain   interval,    beyomi 

their   relative    positions    and    arrange-  which  the  magnetization  was  again  ne- 

ment,  while  tiu)  remain  attached,  pre-  gat  inc.     AVhen  still  mow  remoie,  it  Wit-i 

sent  many  singu!ai  appearances.     If  the  posi'ive.  and  continued  so  to  all  guater 

rings  of  wire  aie  not  continued  <juite  to  distances    that   were  tried.     Ileiu-e  the 

the  centre,  I 'Ut  leaNe  an  t)pening  there,  action  appears  to  be  peruKlical  uitii  re- 

the   partieles   of   iron   are   observed   to  lation  to  the  distance  at  winch  it  is  ex- 

arrange    thi'Uiselves    in    lines,    j)assing  cited. 

throiiiih  the  ring  parallel  tothea\is,  and  (llij.)  Thenumlu'r  ot  jK-iiod^  :u  these 

then  closinj  upas  tadii  n»unil  the  c*lge.  alernatioiis,  as  well  as  the  distances  at 

The  pariiclts  of  iron  in  the  centre  erect  which  they  oi'cur,  appear  to  depend  u|»«:n 

themseUes    into    a    perpeiuhcular    fila-  a  variety  t)f  circumstances   ofwhiciiit 

«■;*  nl,  in  the  diiection  1)1  the  axis  of  the -  ■    - ■ 

,                                                               ,           ,         .  •  W  iikiiio.  r<)|tiijir  >k«'l«  h  ol  Klrriri>  M.i^n-ti>M^ 

>>  li:ii.tii's  .loiirri.il. 'lU'ilcil    III  Ok' .iDiiiri.il  ol   thtf  p    k; 

» -^.il  Iii-i.-ui  .1-.  l.|-.rt.  .tuill    1-j.  ,   Ai.h.ih..  1«  Chuuitf,  U'liM    xxaiv. 
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is  dHBcult  to  appreciate  singly  the  effect :  meet  with  the  intercepting  property,  if 

such  as  the  intensity  of  the  electric  dis-  the  interposed  8ul>st8nce  is  composed 

charge,  the  length  of  the  straight  wire,  of  concentric  layers   consisting  alter- 

itsdiameter,  the  thickness  of  the  needles,  nately  of  metallic  and  of  non-metallic 

and  their  degree  of  coercive  force.     In  bodies.    It  would  thence  appear  that 

ireneral,  when  the  wires  are  very  slender,  solutions  of  continuity  in  a  direction  per- 

hikI  the  coercive  force  of  the  needles  pendicular  to  the  axis  of  the  needle,  or 

ft*el)le,  the  periodical  alternations  above  to  the  axis  of  the  helix,  have  a  consi- 

noticed    are    less    numerous ;    and    it  derable    influence   on  the  magnetizing 

even  frequently   happens,    with   these  effects  of  the  latter  upon  the  former, 

conditions,  that   the   magnetization    is  An  influence  of  a  similar  kind  has  t)een 

every  where  positive,  and  that  the  only  observed  from  metallic  plates  of  different 

difftrences  observable  at  different  stages  thickness,  placed  in  contact  with  a  needle 

of  distance,  are  those  of  greater  or  less  properly    disposed    with    regard  to  a 

intensity.  straight  conducting  wire  receiving  the 

( 1 66.)  When  the  discharge  from  the  discharge  of  an  electric  battery ;  being 

electric  battery  is  transmitted  through  found,  according  to  their  size  or  position, 

H  wire  coiled  into  the  form  of  a  helix  to  modify  the  intensity  and  even  the 

around  i^Iass  or  wooden  tubes,  a  similar  direction  of  the  magnetism  acquired  by 

diversity  is  met  with  in  the  effects  pro-  the  needle. 

ducetl  on  different  needles  successively  (168.)  All  these  phenomena  appear 
placet!  in  the  interior  of  the  tubes,  and  to  depend  on  the  suddenness  of  the 
in  different  situations  relative  to  the  action  exerted  by  the  electric  shock* 
axis.  By  var)'ing  the  intensity  of  the  either  directly  on  the  particles  it  meets 
charge  of  the  battery,  or  the  length  or  with  in  its  course,  or  on  objects  that  are 
thickness  of  the  needles,  the  nature  of  situated  at  a  distance  in  the  surrounding 
the  result  is  changed.  The  maximum  space.  But  the  direction  of  the  msg- 
pf  magnetic  intensity  which  may  be  pro-  netization,  as  to  its  being  of  the  positive 
^uced  by  a  given  wire,  depends  on  the  or  negative  kind,  depenos  essentially  on 
ratio  between  its  thickness  and  its  the  intensity  of  the  discharge ;  so  thfit 
length ;  so  that  the  degree  of  magne  d^ischarges  of  different  intensities  deye- 
tization  amounting  to  saturation,  bears  lope  in  the  metal  a  set  of  opposite 
a  relation  to  the  value  of  this  ratio.  The  staten  analogous  to  the  polarities  of  con- 
degree  of  magnetic  power  that  a  needle  trary  signs,  acquired  at  different  dis- 
receives  from  the  influence  of  an  electric  tances  from  a  conducting  wire,  or  by 
dischari^e,  and  even  the  direction  of  its  different  intensities  of  electricity, 
magnetization,  depend  also  on  the  na- 
ture and  the  dimensions  of  the  bodies 

that  are  in  contact  with  it,  or  that  sur-  Chapter  XI. 

round  it. 

(167.)  The  magnetizing  influence  of  a      Mutual  Actions  of  Electric  Currenti. 
helix  through  which    an  electric  dis- 
charge is  passed,  is  completely  inter-        j  j  ,^ Action  of  Parallel  Rectilineal 
cepted  by  a  cylinder  of  copper,  of  suflB-  Currents. 

cient  thickness,   inclosing   the  needle, 

and  introduced  within  the  helix.    When  (169.)  Thk  discovery  of  Oersted,  and 

the  interposed  cylinder  is  of  less  thick-  all  the  conseouences  we  have  developed 

ness,  some  magnetic    effect    becomes  from  the  fundamental  law  that  appears 

perceptible ;  and  when  the  thickness  of  to  regulate  the  reciprocal  action  be- 

the  copper  cylinder  is  still  farther  re-  tween  electric   currents  and  magnetic 

duced,  tne  needle  is  rendered  even  more  bodies,  belong  to  that  division  of  the 

strongly  magnetic  than  when  exposed  to  subject  to  which  the  term  Electro- Mae- 

the  action  of  the  helix  without  any  inter-  nettsm  is  more  properly  applied :   for 

posed  substance.    Tin,  iron,  and  silver,  they  refer  to  the  relation  subsisting  be- 

placed  round  the  needle,  produce  a  si-  tween  the  two  agencies  of   electricity 

milar  modification  of  the  electro-mag-  and  of  magnetism,  which  we  have  l)een 

netic  action  of  the  helix  ;  when  inter-  accustomed  to  consider  as  distinct  from 

posed  in  very  thin  plates,  they  increase  one  another.     But  electric  currents  are 

this  action ;  when  of  a  certain  thickness,  also  found  to  have  a  mutual  action  on 

they  entirely    intercept    it.    Cylinders  one  another:   and    this    general    fact, 

composed    of    metallic    filings  do  not  which  was  ascertained  by  Ampere,  soon 

produce  this  eftVct ;  whereas  we  again  after  the  discovery  of  OtrsX^A^  ^^%«- 
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blished  another  ^eat  division  of  the 
science;  and  the  law  on  which  it  is 
founded  is  no  less  prolific  in  its  con- 
sequences, and  important  in  its  applica- 
tions, than  that  we  have  hitherto  been 
occupied  in  investifi:atine.  To  this 
branch  of  the  subject  Ampbre  has  given 
the  name  of  Electro  dynamics. 

(170.)  When  two  conduct in<:  wires 
are  suspended  or  supported  in  such  a 
manner  as  to  be  capable  of  movinfi:, 
either  towards  or  from  one  another,  at 
the  time  that  electric  currents  are  pass- 
ing through  them,  they  manifest  a  mu- 
tual attraction  or  repulsion,  according 
as  the  currents  are  moving  in  the  same 
or  in  opposite  directions  in  the  two 
wires.  This  action  is  variously  modi- 
fled,  when  the  relative  inclinations  and 
positions  of  the  currents  are  varied. 

(171.)  We  shall  begin  by  considering 
the  simplest  case,  which  is  that  in  which 
the  two  currents  are  running  in  parallel 
directions.  The  attraction  or  repulsion 
of  currents,  under  these  circumstances, 
admit  of  being  exemplified  in  a  great 
number  of  ways,  according  to  different 
modes  in  which  the  conducting  wires 
are  suspended  and  rendered  moveable. 
Tlius  the  wires  in  the  apparatus  de- 
scribed §  143  and  144,  figures  92  and 
93,  may  be  employed  for  that  purpose, 
by  bring^inir  either  the  vertical  or  the 
horizontal  branches  sufficiently  near  a 
straight  wire,  through  which  an  electric 
current  is  also  passinir. 

The  following  is  also  an  apparatus 
for  the  direct  exhibition  of  this  pheno- 
menon. I^fifj^,  Of),  represents  a  rectan- 
gular table  from  which  <iiise  four  up- 
rii^ht  pillars  supporting:  \.\\o  cross  pieces 
of  wood,  havini;  ;i  rjw  (^f  holes  for  re- 
ceiving four  cups,  two  on  each  piece,  the 


(ii>t;inces  of  which  from  each  other  may 
by  means  of  these  hoUs  be  varied  at 
]>leasnre.  Shoi I  wires,  a,  a,  a,  (/.proceed 
horizontally  froui  the   l.'ottouis   of   the 


cups,  and  serve  as  pivots  round  which 
the  two  wires,  W,  w,  bent  twice  at 
right  angles,  are  made  to  turn  at  the 
upper  part  of  their  vertical  branches, 
having  small  holes  drilled  through  them 
for  that  purpose.  These  wires,  thus 
hung  freely  upon  their  pivots,  carry  on 
their  upper  ends  small  weights,  which, 
bringing  the  centres  of  gravity  as  nearly 
as  possible  in  coincidence  with  the  points 
of  suspension,  enable  them  to  be  moved 
by  a  very  slight  force.  Conducting 
wires,  proceeding  from  a  voltaic  battery, 
are  then  inserted  into  the  cups  pre- 
viously filled  with  mercury,  in  such  a 
manner  that  the  galvanic  current  shall 
pass  in  the  same  direction  through  both 
the  parallel  wires;  the  moment  this  is 
done,  the  wires  move  towards  each 
other,  even  from  a  distance  of  several 
inches,  exhibiting  a  powerful  mutual 
attraction.  When  the  ciurents  are  trans- 
mitted in  directions  opposite  to  each 
other  in  the  two  wires,  which  they  may 
be  made  to  do  by  transposing  the  com- 
municating wires  inserted  into  the  cups 
leading:  to  one  of  the  moveable  wiies, 
while  the  others  are  left  as  before,  the 
moveable  wires  immediately  recede  from 
each  other,  manifesting  a  repulsion  as 
powerful  as  the  attraction  was  in  the 
former  case. 

(1 72.)  The  electro-magnetic  forces  ob- 
tained from  voltaic  batteries  of  the  ordi- 
nary strength  are  so  feeble  when  com- 
pared with  the  force  of  gravity,  that,  in 
devising  experiments  for  exhibiting  their 
Hction,  it  becomes  necessary,  in  order  to 
succeed,  so  to  contrive  the  apparatus  as 
that  the  parts  to  be  moved  by  thest 
forces  may  be  as  light  as  possible,  and 
be  also  suspended  in  such  a  way  as  to 
occasion  ihe  smallest  amount  of  friction. 
Attention  should  be  given  not  to  en- 
cumber the  conductors,  or  the  magnetic 
bars  which  are  to  be  set  in  motion,  with 
any  supeifluous  materials  capable  of 
adilini^  to  their  weight ;  and  we  should 
avoid  such  dispositions  as  require  them 
to  move  m  opposition  to  their  own  irra- 
vity.  The  surfaces  which  are  intended 
to  move  through  mercury*  shouKI  be  as 
much  as  possible  reduced  ;  not  only  c»n 
account  of  the  friction  which  takes  I'Uer 
between  the  solid  an  i  the  fluid,  but  also 
because  the  surface  of  the  mcicury  ra- 
pidly oxidates,  and  the  film  of  oxide'thiw 
fornievi  opposes  ct>nsiderable  resistance 
to  the  motion  of  a  solid  body,  and  greatlr 
impedes  the  mechanical  action  of  the 
apparatus.  In  general,  it  will  Ixj  found 
iliat  a  vertical  susi>ension  by  a  point  w 
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preferable  to  suHi)ension  by  a  horizonlal 
axis,  as  the  former  occasions  less  fric- 
tion. Thus  Mr.  Watkins  finds,  that  the 
attractions  and  repulsions  of  wires  trans- 
mitting voltaic  currents  are  exhibited 
with  more  facility  when  they  are  sus- 
))ended  vertically,  their  two  ends  termi- 
nating: respectively  in  upper  and  lower 
cisterns,  than  when  tummg  horizontally, 
as  in  the  apparatus  exhibited  in  the  pre 
ceding  figure. 

These  attractions  and  repulsions 
may  also  \ye  exhibited  with  a  very  fee- 
ble current  of  electricity,  by  means 
of  the  (Told-leaf  galvanoscope,  already 
described,  &  127.  By  removing  the 
magnet,  and  inserting  within  the  instru- 
ment a  thick  wire,  inclosed  within  a 
glass  tube,  parallel  and  near  to  the  gold 
leaf,  a  strong  current  may  be  passed 
throui^h  the  wire,  at  the  same  time  that 
a  feeble  current  is  transmitted  through 
the  gold  leaf,  which  will  thep  exhibit  the 
attractions  or  repulsions  of  parallel  cur- 
rents, according  as  they  are  m  the  same 
or  in  opposite  directions;  fdr  these 
actions  take  place  equally  whether  the 
two  currents  are  obtained  from  sepa- 
rate voltaic  combinations,  or  whether 
they  are  merely  two  jwrtions  of  thr 
same  current  in  different  parts  of  its 
course. 

(173.)  This  latter  case  occurs  when- 
ever a  wire  is  coiled  round  in  a  spiral 
or  heliacal  form,  so  as  to  bring  different 
portions  of  the  same  current,  passing  in 
the  same  direction,  very  near  to  one 
another.  It  occurred  to  the  author  of 
this  treatise,  soon  after  hearing  of  Am- 
pere's discovery  of  the  attraction  of 
electrical  currents,  that  it  might  be 
possible  to  render  the  attraction  between 
the  successive  and  parallel  turns  of  a 
heliacal  coil  Vi  ry  sensible,  if  the  wires 
were  sufficiently  flexible  and  elastic; 
and,  with  the  assistance  of  Mr.  Faraday, 
Ibis  conj<fCture  whs  put  to  the  test  of 
exi)erim(Mit,  in  the  laboratory  of  the 
Royal  Institution.  A  slender  harpsi- 
chord-wire bent  into  a  helix,  being 
])1aced  in  the  voltaic  circuit,  instantly 
shortened  itself  whenever  the  electric 
stream  was  sent  through  it ;  but  re- 
covered its  former  dimensions  the  mo- 
ment the  current  was  intermitted.  It 
was  supposed  that  possibly  some  analogy 
may  hereafter  be  found  to  exist  between 
this  phenomenon  and  the  contraction  of 
muscular  fibres,  which  seems  to  l)e 
regulated  by  some  properties  of  the 
nervous  system,  not  unlike  those  of 
electric  agency.     Messrs.  l^evost  and 


Dumas  have  advanced  a  similar  theory 
of  muscular  contraction,  founded  on  a 
supposed  distribution  of  nervous  fila- 
ments, through  which  they  imagine  a 
current  of  electricity  is  sent,  for  the 
purpose  of  determinmg  the  action  that 
jirecedes  contraction.  This  theory,  they 
conceive,  is  supported  by  microscopic 
observations;  but  it  is  far  too  hypo- 
thetical in  its  present  form  to  deserve 
serious  discussion. 

(174.)  The  general  fact  of  the  mutual 
action  of  electric  currents  being  esta- 
blished by  these  and  similar  experi- 
nients,  we  mast  proceed  to  consider  the 
different  modifications  it  receives  by  a 
variation  of  circumstances  regarding  the 
quality  and  direction  of  the  currents. 

(175.)  We  possess  as  yet  but  an  im- 
perfect knowledge  of  the  peculiar  affec- 
tions which  electricity  experiences  when 
in  motion,  and  which  enable  it  to  exert 
the  singular  species  of  action  we  are 
here  investigatmg,  so  different  from  its 
attractive  and  repulsive  powers  when  at 
rest.  These  two  classes  of  effects  obey 
laws  not  only  different,  but  in  some  re- 
spects of  an  entirel3r  opposite  nature. 
Accumulated  electricity,  when  not  in 
motion,  acts  in  a  degree  proportioned 
to  its  tension  ;  but  the  wires,  which  are 
silently  conducting  a  current  of  elec- 
tricity in  motion,  exhibit  no  sign  what- 
ever of  electric  tension;  they  produce 
no  change  in  the  electrometer,  and 
neither  attract  nor  repel  light  bodies  in 
their  vicinity.  Tlie  law  of  action  in  ftie 
state  of  rest  is,  that  dissimilar  electrici- 
ties attract,  and  similar  electricities  re- 
pel one  another.  When  in  motion,  on 
the  contrary,  it  is  between  similar  cur- 
rents, that  is,  currents  moving  in  a 
similar  manner,  that  attraction  takes 
place;  while  a  mutual  repulsion  is  ex- 
erted between  dissimilar  currents.  The 
electro-statical  effects  of  electric  tension 
cease  when  the  atmospheric  pressure 
is  removed;  but  the  electro-dynamical 
effects  of  currents  take  place  equally 
whether  the  conductor  l>e  surrounded  by 
the  air  or  placed  in  vacuo, 

(176.)  Since  the  effects  of  electric 
currents  are  the  consequences  of  the 
motion  of  the  electricity,  it  is  natural  to 
suppose  that  they  will  be  in  proportion  to 
the  velocity  with  which  it  moves,  as  weU 
as  to  the  quantity  that  is  set  in  motion. 
But  we  are  in  utter  ijgnorance  of  the 
real  velocity  with  which  the  electrical 
effects  are  propagated  along  a  conduct 
ing  body,  during  the  completion  of  the 
voltaic  circuit:  uot  Av>  'S^^  «s«sv>Ke«sr« 
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whether  this  velocity  varies  in  different  of  currents    upon   one    another,  it  i^ 
cases,  nor  have  we  any  distinct  idea  of  necessary  to  consider  the  total  action  of 
the  causes  that   are  likely  to  produce  each  as  resulting  from  the  comhined 
such  variation.    We  can  perceive,  how-  actions  of  every  one  of  its  parts.    As 
ever,  that  the  mode  of  transmission  has  it  is  not   possinle  to  institute  a  direct 
a  considerable  influence  on  the  results,  measurement  of  those  elementary  forces 
The    currents    transmitted    by   ])erfect  exerted  by  each  indefinitely  small  por- 
conductors    are    contirmous ;    that   is.  lion,  the  one  upon  the  other,  the  inquiry 
their  intensity  is  either  constant,  or  varies  can   only  be  made  by  assuming  some 
insensiblv  during  two  consecutive  in-  hypothesis  relative  to  the  law  of  diminu- 
stants.     \Vhen  the  conductors  are  ini-  tion  accordinec  to  distance,  and  prose- 
perfect,  the  currents  are  discontinuous;  cutinp:  the    consequences   of   such  an 
for  the  electricity  is  allowed  to  accumu-  hypothesis,  when  applied  to  such  finite 
late  for  a  certain  time,  and  until   the  portions   of  current   «s   occur    in  our 
insulating  force   is  overcome,  when  it  experiments,  and  to  compare  them  with 
escapes,  and  passes  on  with  a  sudden  actual    observation,     their    accordance 
impulse,    analou:ous    to   an    explosion,  with  which  will  be  a  test  of  the  admis- 
The  electro-motive  power  continuing:  to  sibility  of  the  hypothesis, 
act,  8:ives  rise  to  a  second  accumulation,  (179.)  Guided  by  the  analoey  of  all 
and  afresh  explosion,  and  so  on  succfs-  the  other  known  forces   in  nature,  we 
sively.    These  alternations  may  become  shall  assume  that  the  mutual  actions  of 
sufficiently  rapid  to  escape  our  senses,  the  elementary  portions  of  electric  cur- 
and  thus  produce  the  appearance  of  an  rents  are  inversely  as    the  squares  of 
uninterrupted    current,  although   it  be  their  relative 'distances;  and  this  is,  in 
really   discontinuous.     The    distinctive  fact,  the  supposition  which  agrees  best 
character  of  such  currents  is,  that  they  with  all  the  facts  that  have  hitherto  been 
are  incapable  of  producinj:  a  deviation  ascertained.     If  we  suppose  A,  for  in- 
in  the  magnetic  needle.     This  is  the  stance  (Jiff.  97),   to  be  an   indefinitely 
case  with  the  current  produced  by  the  small  ])ortion  of  the  rectilineal  current 
common  electrical  machine,  when  a  com-  PN,  moving  from  left  to  right,  it  will 
munication  is    established  between  its  net  upon  another  elementary  portion,  B, 
positive  and  negative  conductors  :  and 

also   with    the    curn-nts  establishfd   In  /"iV,  97. 
what  have   boon   called    the   secondanj 
piles  of  Rittor  (see    Electririty,  f  9.JJ. 

or   piles   constructed    \\\\\\  a    Tories   of  ^  — ' — ^ 
metallic  discs  separated  by  humid  con- 
ductors.    Discharges  from  the  Ley  den 
vial,  in  like  manner,  although  they  in- 
duce a  degree  of  permanent  magnet  \^m\ 

in  steel  bars  near  which  they  pass,  yet  I*     *   > 
scarcely  leave  any  traces  of  their  eifects 

on  the  needle  of  the  galvanometer,  when 

transmitted   through   the  wires   of  that  ^  ^             '^'                     ^          -'' 
instrument. 

(177  )  The  contituiitv  (.f  the  eWcfric  „f  acurrent  placed  at  a  given  distance 

current  boins:  he  (i.mhly  most  ■mmedi-  ,,^^^  ^^^^  ^^^^  ,h^  p„„  ^.  ,j,^,  „ 

ately  concerned  m  the  prodnct.on  ot  the  ,  ,,^|,^,        ,,„„  ^f^,„,,^^    ,.,„j 

etfects  that  are  the  subject  of  our  present  ^,  ^.  1^^^.^,  ,1^^%  lurthtr  remoyJ  from 

consKlerHtion;  and  It    .Hnir  impossible  ,,      jf  recall  the  force  of  «tt>actu,n  ' 

for  us  to  discriminate  diiterences  of  ve-  „„  ;„„„,!,    ^f  y^^  fl,^,  „,„.,.,„            ,;,, 

11  .r^V       '"V  ,       '^'^  ^Y,v  """"k  '"■'"•^■fn  ""^m,  or  the  line  B  A.  </,  the 

irom  the  passage  of  (he  current   hrou«h  ,„„„„,j    ,       ,,^,i„„  „.,i                '^^  ^ 

a  con.hic1inir  l.o<l^  >ve  shall  d.slinsuish  j,,^,  .n^^cia^.d  :^             ' 

contmuous  currents  only  m  respect  to  "^ 

their  intensiiy,  and  ])retend  to  judge  of  f  =  ^_. 
the   degrees  of  intensity   solely  by  the  d* 
.•imouni   of  the  effects  produced  on  the  (180.)  It  may  be  demonstrated  ma- 
galvanometer,  thematically,  that  such  being  the  law  ot 
(178.)  In  order  to  arrive  at   the  fun-  elementary   action,  it   will   ftillow   as* 
<IauK'ntal  law  of  electro  dynamic  action  necessary   consequence    that   the  total 
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action  of  a  current,  P  N,  extended  to 
an  infinite  length,  upon  an  elementary 
portion  of  a  parallel  electric  current 
placed  atany  given  distance  from  it,  is 
m  the  simple  inverse  ratio  of  the  shortest 
distance  between  them — that  is,  of  a 
line  drawn  from  the  one  to  the  other, 
and  perpendicular  to  both.  Thus,  in 
the  example  just  given,  where  the  dis- 
tance 0  A  is  three  times  the  distanoe 
B  A,  the  action  of  the  indefinite  cur- 
rent P  N  is  three  times  greater  upon  B 
than  upon  C.  So  that  if  this  total 
action  be  expressed  by  F, 

(181.)  The  action,  whether  attractive 
or  repulsive,  of  two  elementary  portions 
of  current,  must  b9  conceived  as  exerted 
in  the  direction  of  the  line  which  joins 
them,  and  which,  for  the  sake  of  distinct- 
ness, we  shall  call  the  medial  line.  So 
that  in  the  case  of  the  parallel  currents 
A  and  B,  fig.  98,  moving  in  the  same 
direction,  an  attraction  denoted  by  the 
sh<nrt  arrows  a  and  a,  takes  place  m  the 


1^.99. 


Fig.  98. 
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rection  of  the  current  makes  with  the 
medial  line  A  B.  This  will  readily  ap- 
pear by  resolving  the  force  A  6  into 
the  two  forces,  A  a,  A  C,  of  which  the 
latter,  acting  counter  to  the  direction  of 
the  current,  is  destroyed,  while  the  only 
effective  force  is  A  a,  which  is  to  A  6 
as  the  sine  of  B  A  C  to  radius. 

(183.)  A  similar  diminution  of  the 
force  by  which  the  current  A  reacts 
upon  B,  takes  place  in  consequence  of 
its  oblic^uity  ;  for  the  portion  C  n.  Jig. 
100,  which,  when  it  was  parallel  to  B, 
acted  with  its  full  power,  has  only  the 


Fig.  100. 
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direction  of  the  medial  line  A  B  ;  and 
in  the  case  of  the  currents  C  and  D, 
likewise  parallel,  but  moving  in  opposite 
directions,  a  repulsion  takes  place,  as 
shown  by  the  snort  arrows,  in  the  di- 
rection of  the  same  line.  It  should  be 
observed  that,  in  both  cases,  the  action 
on  each  current  i»  perpendicular  to  the 
direction  of  that  current. 

$  2.  Action  of  inclined  Rectilineal 
Currents. 

(182.)  Let  us  next  suppose  that  the 
two  currents,  still  remaining  in  the  same 
plane,  the  direction  of  one  of  them,  A, 
fig.  99,  is  changed  from  parallelism  to 
tne  position  C  c,  the  action  will  still  be 
perpendicular  to  that  position — that  is, 
the  current  A  will  be  ureed  to  move  in 
the  line  A  a,  at  nsht  an^es  to  C  c;  but 
the  force  which  uios  impels  it  will  be 
Hinnini«h«H  in  the  ratio  of  radius  to  the 
•liie  ctf  the  angle  BAG,  which  the  di- 


force  of  the  portion  m  n,  when  acting  in 
the  oblique  position  D  n,  the  diminutioh 
being  proportional  to  the  cosine  of  the 
angle  C  n  D,  or,  what  is  the  same,  to 
the  sine  of  the  angle  D  n  B.  The  mu- 
tual action  of  the  current,  therefore, 
situated  in  the  same  plane,  but  in  ob- 
liqnue  positions,  may,  m  as  far  as  this 
obliauity  is  concerned,  be  expressed  by 
the  following  equation,  in  which  «  and  ^ 
denote  the  angles  made  by  the  directions 
of  the  currento  respectively  with  the  me- 
dial line. 

/  s  sin.  «.  sin.  A, 
(184.)  Let  us  now  inquire  into  the 
modification  the  formula  must  receive 
when  the  two  currents  are  in  different 
planes.    We  have  seen  thil  \Tk  Vent  ^au^ 


ti2 

ui«ltiice,theeflfec*ive  force  of  an  oblique 
eiirrent,  in  its  action  on  another  current, 
is  obtained  by  reducing  that  force  to  a 
direction  at  right  anrfes  to  the  medial 
line.  Let  us  suppose  this  to  be  done 
with  regard  to  botn  the  currents  A  and 
B, /fe".  101.  the  former  bemg  reduced  to 
the  une  a  a,  and  the  latter  to  the  line  b  b, 
situated  respectively  in  planes  perpendi- 
cular to  the  medial  line  A  B.  The  force 

Fig,  101. 
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a  A,  estimated  in  the  direction  A  c, 
drawn  parallel  to  B  6,  or  the  force  B  b 
estimated  in  the  direction  df  B  (/,  drawn 
parallel  to  A  a,  will,  in  either  case,  be 
reduced  in  the  proportion  of  radius  to 
the  cosine  of  the  angle  a  A  c,  or  {/  B  e/, 
which  is  equal  to  it,  and  which  may  be 
defined,  the  angle  between  two  planes 
passing  through  the  meilial  line  and  each 
of  the  currents  respectively.  Callinfi: 
this  angle  /*,  the  fonnula,  including  all 
possible  relative  positions  of  the  cur- 
rents, either  in  the  same  or  in  different 
planes,  becomes  when  the  intensities  and 
distance  between  the  currents  are  also 
taken  into  account, 

f  —  ab  (sin,  flu  sin.  /S.cos.  ^.) 

which  should  express  the  action  of  the 
currents  estimated  in  the  direction  of  the 
medial  line,  provided  the  hypothesis  with 
which  we  set  out  were  correct. 

(185.)  But  experiment,  the  only  cri- 
terion  of  the  soundness  of  physical  theo- 
ries, shows  that  an  element  is  still  want- 
ing in  this  process  for  estimating  the 
value  of  the  forces.  It  would  follow 
from  the  above  formulae  that  when  an 
elementary  portion  of  a  current  A,  which 
has  the  pjrecise  direction  of  the  medial 
line,  that  is,  when  it  proceeds  in  a  straight 
line,  either  towards  or  from  another  ele- 
mentary portion  of  a  current  B.y^g.  I(i2, 
no  action  can  take  place  between  them ; 
for  the  angle  «  bein^  reduced  to  nothing, 
its  sine  likewise  vanishes:  and  the  same 
ult  should  also  obtain  when  the 
nes  in  which  two  currents  are  situated 
at  right  angVes  lo  one  w\o\Vv«  \  tot 


in  that  case  the  cosine  of  /§  vanillin, 
and  the  whole  function  expressing  tha 
value  of/  is  reduced  to  zero.  This  de- 
struction of  force  ought  to  take  place, 
whatever  be  the  position  of  the  force  B. 

(186.)  This,  however,  is  not  found  to 
be  the  case,  except  in  g:  only  when  the 
current  B  is  at  right  angles  to  the  me- 
dial line.  If  it  be  in  any  other  position, 
and  more  especially  if  it  also  comcide  in 
direction  witn  the  medial  line,  a  repul- 
sion is  manifested.  This  will  appear 
from  the  result  of  the  following  experi- 
ment : — 

(187.)  Let  a  flat  oval  dish  of  glass,  or 
porcelain,^.  103,  be  separated  into  two 
divisions  by  a  glass  partition,  fixed  with 
cement,  and  the  divisions  filled  with 
mercury.  Insert  into  each  of  these 
troughs,  the  sides  of  a  copper  wire,  l)ent 
in  the  manner  shown  in/^.  103,  so  that 
they  may  be  parallel  to  the  partition. 

Fig,  103. 


over  which  the  arc  passes,  joining  the 
two  parts  of  the  wire  which  float  in  the 
mercury.  Every  part  of  th'w  wire,  ex- 
cepting the  steel  points  soldered  to  its 
extremities,  is  to  be  covered  v^tth  silt 
Two  wires,  forming  connexions  «ith  the 
two  poles  of  a  powerful  voltaic  L'tterj. 
being  inserted  m  the  cups  P  an'  N» 
which  communicate  with  the  merci  j* 
the  basin,  in  the  directions  oi  the 
straight  branches  of  the  wire  prodveii 
the  current  from  the  one  will  J  piv 
through  the  mercury  in  the  adjoininffU^ 
tition  to  the  steel  point  belonginc:  tVootf 
of  the  extremities  of  the  wire,  and 
circulating  through  the  whole  extei 
the  wire,  will  pass  out  into  the  mercui  i 
the  partition,  and  l)e  carried  off  by  a  tl 
wire.  It  is  found  that  at  the  instant  tl 
<i.>yctvci\  \%  established,  the  wire  moves 
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the  direction  of  the  long  branches  until  (190.)    The    electro- dynamic    forces 

it  is  stopped  by  the  end  of  the  vessel  *.  which  are  thus  called  into  action  by  vol- 

This  repulsion  is  exerted,  not  only  at  the  taic  currents,  and  of  which  the  intensi- 

indefinitely  small  distance  that  occurs  ties  and  directions  are  determined  ac- 

Letween  the  parts  immediately  in  sue-  cording  to  the  laws  above  defined,  are 

cession,  but  also  at  finite  distances  be-  subject  to  the  same  laws  of  composition 

tween  all  the  parts  of  the  same  current,  and  resolution  as  all  other  mechanical 

(188.)  Since  it  appear*»,  from  this  and  forces,  and  present  the  same  facilities 

other  experiments,  tliat  portions  of  the  for  the  application  of  mathematical  rea- 

same,  or  of  different  currents,  moving  in  soning.     It  would  of  course  be  impos- 

the  same  continuous  line,  or  at  oblique  sible  to  attempt  giving,  within  the  limits 

angles,  repel  one  another,  Ampdre  found  of  this  treatise,  even  an  outline  of  the 

it  necessary  to  introduce  another  term  in  analytical  investi{rations  by  which  various 

the  formula.    Since  the  action  due  to  important  conclusions  have   been    de- 

this  cause  is  greatest  when  the  two  cur-  duced.    We  must  content  ourselves  with 

rents  are  in  the  same  continuous  line,  stating  merely  results,  referring  such  of 

as  A  B,/^.  104,  and  vanishes  when  the  our  readers  as  desire  further  information 

medial  line  is  at  right  angles  to  both  of  on  the  subject  to  the  works  of  Ampbre, 

them,  as  in  the  positions  A  and  C,  he  in-  Biot,  and  Savary. 

ferred  that  in  all  intermediate  posit  ions,  as  ( 1 9 1 .)  It  follows  evidently  from  what 

at  D,  for  instance,  the  action  would  be  has  been   said,  that  when  two  electric 

proportional  to  the  cosine  of  the  angle  currents,  situated  in  the  same  plane,  are 

BAD,  between  the  direction  of  the  cur-  inclined  to  one  another  at  any  angle,  they 

rent  A,  and  the  medial  line  A  D,  which  are  always  mutually  repulsive  when  one 

we  have  already  expressed  by  the  sym-  of  them  approaches  to,  and  the  other 

bol  «.    The  same  reasoning  applies  to  recedes  from,  the  summit  of  the  angle  ; 

p.^  and,  on  the  contrary,  they  attract  one 

r?^.  104.  another  when  they  both  approach  to,  or 

both  recede  from,  that  angular  point. 

B  VThen  the  intensities  and  positions  of  the 

^  currents  are  the  same  in  the  two  cases, 

and  the  only  difference  is  in  the  change 

*'*•..  of  the  direction  of  one  of  the  currents, 

'^  -^ ^  then  the  attractive  force  in  the  latter 

X>  case  will  be  found  to  be  precisely  equal 

to  the  repulsive  force  in  the  former  case. 
And,  universally,  whatever  be  the  action 
of  a  system  of  fixed  conductors  upon  a 
moveable  conductor,  it  is  immediately 

'*'  changed  into    an  equal  and    contrary 

4»iA  M.*.«...»  Tfc      u       *u          •  «•        ^9  action,  by  reversing  the  direction  of  the 

the  current  D,  when  the  variations  of  «.,^     **  ♦Uw>»n,k  -Su«- *k«  «^„««ki«  «- 

its  position  are  taken  into  account.    The  thTfi"pH  ^  n^ 

term  to  be  added  to  the  force,  as  for-  ^^^.^^^'^/f;^  ""^  *^^  f^fl^"^'  Jl  \^u^t'" 

merly  determined,  must    therefore   be  nll'wn^pt^X^^^h^^ 

some  function  of  the  cosines  of  the  an-  P^j-'*  ^f  ^^fn^l  UrnHn^f  Tn%K^! 

irles  .  and /,,  and  may  be  caressed  by  STafw^  o^ra  Lite?^^^^^^^^ 

^c&*'  SoTh Jt''  indeterminate  co-  "^.^  "^ZsTm:^^^:^:^^^  any 

efficient  k.    So  that  we  now  have  electro-dynamical  apparatus  may  be  dil 

/=;TjCsin.«.8in./i.cos.^+Acot.«.cos.^).  tinguished  from  those  depending  on  the 

»  influence  of  the  earth.    The  former  ef- 

(189.)  In  his  earlier  speculations.  Am-  fects  are  permanent,  but  the  character 

pire  had  regarded  the  value  of  k  as  so  of  the  latter  is  changed  by  reversing  the 

imall  that  it  might  safely  be  neglected ;  direction  of  the  current  throughout  the 

bat  subsequent  researches  led  him  to  the  whole  system. 

conclusion  that  it  is  in  reality  equal  to  (192.)   It  is  hardly  necessary  to  enter 

—  4,  so  that  the  whole  of  this  second  into  any  minute  description  of  the  appa- 

term  of  the  formula  is  negative,  when  ratus  by  which  these  conclusions  may 

the  cosines  of  the  two  angles  are  them-  be  experimentally  verified.    The  modes 

selves  positive.  of  suspension  adapted  to  the  particular 

•  A   -x^  Tv^      I    o..^ — I — ^7"! — ;^ —  object  of  the  exi>eriment  will  readily 
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Mi|iiff»iit«ii  with*  tlie  delttlt  «•  tew 
•Ipiyk  mn  of  ftnUogoiu  «iperiiiMnt& 

It  win  Im  •iifiant  to  obMrve  tbtt  then 
««,iigaHfd,twokiiidiof  lolalioii  of 

wUflh  Ae  moveable  paiti  of  the  a|^ 
nliie  an  foaoeptible,  the  one  on  a  veiti- 
eal  axis,  aa  in  ilgum  66,  71, 84,91.  98, 
9S,  and  tfie  other  on  a  horiioatal  axii, 
aa  m  figinea  86  ud  96. 

(193.)  Care  ahould  alwavf  be  taken, 
m  niee  eiperiflaeDta,  to  guard  against  the 
enon  that  migiht  arise  from  aUowing 
the  ttiHiMwiftit  of  the  earth  to  interfere 
with  the  aelions  we  are  examining.  Thie 
diitarbbig  foree  may,  in  general,  be 
neutraliKd,  and  rendered  ineflBsetiTe  by 
particular  dispoutions  of  the  ccmdueting 
wires.  Thus  the  moveable  ccmductor, 
fg,  9S,  may  be  rendered  aiMtie  or  inde- 
pendent ofierrMtrial  inflnence,  by  fonn- 
mg  a  second  paralldogram  below  the 
flrat,  composed  of  wires,  so  turned  as  to 
ob^  the  cuirent  to  pass  in  opposite 
directions  in  correspondmg  parts  of  each. 
Thb  is  shown  in  Jig.  105,  in  whieh  P 
and  N  represent  the  steel  points  aflized 
to  the  extremities  of  the  wires  for  the 
purpose  of  being  placed  in  cups  with 
mercury:  and  tte  oirections  of  the  cur- 
rents in  tlie  several  portions  of  the  wire 
are  indicated  by  arrows,  whereby  it 
appears  that  the  action  of  the  earth 
upon  any  one  put  is  neutralised  by  its 
equal  and  q>posite  effect  in  anotiier  cor- 
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responding  part«  smiilarly  siftoalsd 
rq|ard  to  the  axis  of  rotation.  Ihs 
wiTQS  should  1)0  covered  with  silk  flavad, 
in  order  to  prevent  metallie  eontaetia 
the  parts  where  they  are  brqnibt  to- 
gether. The  shaded  parts  represent  the 
bnnches  that  mav  Iw  conveniently  tid, 
or  sim^y  twisted  tosether,  after  thn 
precaution  has  been  taken,  for  the  sdte 
of  mater  firmness.  The  wdii^  W  ii 
ammed  as  a  counterpoise  on  the  other 
side  of  the  axis  of  rotation. 

Fig.  107. 


(194.)  Fig.  106  represents  another 
fonn  of  an  astatic  conductor,  hayinc;  the 
same  properties  as  the  precedinj^,  but 
better  adapted  for  the  examination  of 
the  actk>ns   on  the   lower    horizontal 

>.)  Fig.  107  shows  an  arrangement 
ular  kind,  in  which  the  horizon- 
ches  neutralize  one  another,  but 


in  which  the  interior  vertical  liran^ 
l)eing  in  the  ascis  of  motion,  havl 
influence  in  producing  rotation ;  ancAte 
exterior  vertical  braraies  are  there! 
uncompensated,  as  far  as  relates  to' 
action  of  any  current  presented  to  thel 
although  being  in  opposite  sides  of  tj 
axis,  tnev  neutralise  one  another  i 
as  regards  the  influence  of  the  earth. 
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(196w)  It  follows,  M  a  congeqiience  of 
the  principles  already  laid  down,  that  the 
•oHon  of  a  small  portion  of  conducting 
wire,  bent  into  any  number  of  flexures, 
provided  they  extend  to  no  considerable 
distance,  upon  another  current,  any- 
where situated,  is  equivalent  to  the 
action  of  a  similar  wire  proceeding  in  a 
straight  course  between  the  two  ex- 
treme points  of  the  contorted  wire. 
The  action,  for  example,  between  a  con- 
ductinir  wire,  A  B,  Ji^.  108.  and  an 
elementary  portion,  C  D,  the  one  pur- 
suing a  sinuous  course,  the  other  recti- 

Ftff,  108. 


with  A  m  and  B  m,  through  the  middle 
of  £  F,  the  action  of  A  B  is  to  the  actioa 
of  £  F,  inversely  as  A  m  to  G  m. 

(198.)  If  the  electric  currents  be  con- 
ceived as  spread  over  a  given  surface, 
A,y^.  110,  instead  of  l>ein{^  confined 
to  a  single  line ;  then  the  action  of  thii 
superficial  stratum  of  currents  on  the 
elementary  current  m,  which  is  a  part  of 

Fig.  110. 
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lineal,  is  precisely  the  same  as  if  the 
former,  instead  of  being  contorted,  had 
passed  in  a  straie:ht  line  from  the  point 
A  to  the  point  B ;  that  is,  along  the 
dotted  line  A  B. 

(197.)  By  an  extension  of  the  reason- 
ing which  led  to  the  conclusion  just 
stated,  it  may  be  proved  that  the  action 
of  a  current  traversin^r  the  contorted 
line  A  B,  /i^,  109,  (and  which  we  have 
seen  is  equivalent  to  that  of  a  current 

Fig.  109. 


of  equal  intensity  passing  in  a  direct 
line  from  A  to  B,)  on  any  elementaiy 
portion  m  of  a  distant  current  C  D,  wiU 
be  to  the  action  of  a  similar  current 
E  F,  (comprehended  within  the  an^le 
A  fvt  B,  which  A  B  subtends  at  the  point 
m,  the  middle  of  the  elementary  cur- 
rent,) in  the  inverse  proportion  of  their 
mean  distances  from  the  point  m ;  that 
k,  drawing  G  H,  making  equal  angles 


A 

the  current  CD,  will  be  precisely  equal  tc 
that  of  B,  or  E  ;  or  of  any  other  super- 
ficial stratum  composed  of  similar  cur- 
rents, situated  at  any  distance  from  m, 
and  inclined  at  any  angle,  provided  it 
be  comprehended  by  the  sides  of  the 
same  pyramidal  or  conical  figure,  hav- 
ing the  surface  A  for  its  base,  and  m 
for  its  apex.  This,  indeed,  follows  as  a 
necessary  consequence  of  the  preceding 
law:  the  diminished  influence  of  the 
currents  in  A,  resulting  from  their 
greater  distance,  being  exactly  compen- 
sated b^  their  fi;reater  number.  It  may 
be  derived  still  more  directly,  indeed, 
fi'om  the  general  law  of  the  action  of 
electric  currents  being  inversely  propor- 
tional to  the  squares  of  the  distances. 
We  shall  have  occasion  hereafler  to 
make  important  applications  of  this 
principle. 

§  3.  Action  of  Terminated  Currenti, 

(199  )  We  have  seen  that  the  action 
of  a  rectilineal  current  of  infinite  length 
on  a  short  portion  of  current  at  a  dis- 
tance, situated  in  the  same  plane,  and 
wholly  on  one  side  of  the  former,  tends  to 
give  it  motion  in  a  line  perpendicular  to 
itself,  and  either  in  the  same  direction  as 
the  extended  current,  or  in  the  opposite 
direction,  according  as  it  is  receding  from 
or  approaching  to  it.  The  same  appliet 
to  a  current  of  any  length,  provided  it  be 
situated  wholly  on  one  side  of  the  cur- 
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rent  that  acts  upon  it,  and  whieh  it  will 
be  convenient  to  desii^ate  a  terminated 
current  Thus,  the  current  A  B,  fig, 
111,  l?in^  vrholly  on  one  side  of  the  ex- 
fendea  current  C  D,  and  which  is  there- 
fore a  terminated  current,  will  be  urfi:ed 

Fig.  Ill 
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in  the  direction  of  the  dotted  line  M  R. 
For  sinc«  the  current  A  B  is  niovinsf 
from  the  angular  ]>oint  B  towards  A, 
while  the  current  (.'  D  is.  in  the  part 
C  B,  movinsr  towards  B,the  former  will 
be  repelled    by  the  latter    during  the 


whole  of  that  part  of  its  course.  Tlie 
resultant  of  all  the  repulsive  forces  thus 
operatinfT  on  A  may  be  represented  by 
the  line  M  E.  On  the  contrary,  fh^ 
currents  passing  along  the  lines  AD 
and  B  D,  are  both  moving  in  a  direction 
from  the  angular  point  B  ;  consequently 
they  attract  one  another;  and  ine  re- 
sultant of  these  attracting  forces  ni»y 
be  expressed  by  the  line  M  F,  wliicli. 
when  combined  with  M  E,  jnves  the 
total  resultant  M  R,  perpendicular  to 
AB. 

(200.)  Applying  this  principle  to 
various  positions  of  a  terminated  cur- 
rent with  relation  to  the  extended  one, 
we  obtain  results  whieb  are  expressed 
in  the  annexed  diagram,  fig,  112: 
where,  as  before,  C  D  is  the  extended 
current  passing  ^m  C  to  D,  and  the 
upper  lines  represent  various  positions 
of  the  terminated  currents,  of  which  the 
directions  are  marked  bv  the  terminal 
arrows;  while  the  dotted  arrows  point 
out  the  directions  of  the  resulting  mo- 
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tions.  As  a  general  rule,  whenever  the 
direction  of  the  terminated  cunent  is 
from  the  line  of  the  extended  current,  it 
is  urfifed  to  move  in  the  same  direction 
as  the  extended  current  moves;  when 
its  current  is  totcards  tlie  extended  cur- 
rent, it  is  urged  to  move  in  the  contrary 
direction. 

(201.)  It  is  easy  to  perceive  that  if. 
instead  of  allo>ving  the  conductins:  wire 
transmitting  the  terminated  current  to 
obey  its  tendency  to  move  parallel  to 
itself,  its  motion  were  restricted  to  ro- 
tation round  a  fixed  axis  at  one  oi*  its 
extremities,  as  shown  in  fig.  113,  the 
force  arising  from  the  action  of  the  in- 

Fig,  113. 
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definite  current  (J  D,  will  cany  the  ter- 
minated current  round  the  whole  cir- 
cumference of  the  circle.  This  rotaton 
force  is  indt pendent  of  the  ansre  of 
inclination  of  the  currents,  and  is,  coiv 
sequently,  unitbrm  in  eveiy  I'Osition  of 
A  B ;  and  will  accord  intrly  act  as  an 
uniformly  accelerating  force,  causing 
the  wire  to  levohe  with  continually 
increasing  velocity,  until  checked  by 
friction  and  other  mechanical  obsta- 
cles. 

(20*2.)  The  direction  in  which  the  v\'re 
revolves  depends,  of  course,  upon  the 
relation  between  the  directions  uf  the 
two  currents  concerned.  When  the  ter- 
minated current  is  passing  from  the 
centre  to  the  circumference  in  tiie 
shorter  wire,  its  revolution  will  l)e  a*; 
lepresented  in  the  figure;  that  is,  in  a 
direction  contrary  to  that  of  the  un- 
limited cun^ent,  in  that  pait  vi  the  circlr 
which  is  nearest  to  it,  hut  simdar  to  it 
Ml  tiie  more  distant  part  of  thecirc^ 
The  reverse  take's  place  when  the  cir 
T«-til  in  A  B  is  passing  from  the  circuni* 
icrence  to  the  centre.  y 

(•203.)  While  such  is  the  action  of  the 
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ffEtoided  earrent  uponlhe  one  that  is 
terminated,  an  equal  but  contrary  re- 
aetion  i«  necessarily  exerted  by  the  ter- 
minated one  upon  the  extended  current 
Thus,  whUe  the  current  A  B,  fig,  114, 

Fig,  114. 
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tends  to  move  in  the  direction  of  the 
upper  arroi/r,  its  reciprocal  action  on  the 
current  C  D,  urges  the  wire  that  con- 
ducts it  in  the  contrary  direction,  from 
D  to  C,  as  denoted  by  the  lower  arrow ; 
and  the  same  principle  applies  to  all  the 
other  cases. 

4  4.  Acli<m  of  Diverging  and  Converg- 
ing Currents, 

{9M,)  Since  the  rotatory  force  is  the 
bame  in  all  positions  of  the  wire,  it  is 
evident  that  if  wires,  or  other  conducting 
bodies,  be  so  disposed  as  to  cause  the 
currents  to  radiate  from  a  centre  in  all 
directions,  they  will  tend  to  revolve  in 
the  same  manner  as  any  one  of  them 
singly  would  have  done,  by  the  influence 
of  a  rectilineal  current  in  the  vicinity, 
and  in  the  same  plane ;  provided  this 
latter  current  be  wholly  without  the 
circumference  of  the  circle  of  revolution. 
The  same  thing  will  happen  when  the 
currents  converge  from  the  circumference 
to  the  centre,  only  the  direction  of  the 
motion  will  be  reversed.  These  two 
conditions  of  the  experiment  are  repre- 
sented in  figs.  115  and  116,  where  the 
arrow-heads  in  the  paths  of  the  cur- 
rents denote  their  direction;  and  the 
exterior  dotted  arrows  the  direction  of 
the  revolution  of  the  conductors. 

Fig.  115. 


(205.)  Examples  of  this  kind  of  di- 
vergence or  convergence  of  currents 
frequently  occur  in  electro- dynamical 
experiment  s.  They  are  met  wit  h  when- 
ever a  fluid  conductor,  such  as  mercury, 
is  the  medium  of  communication  be- 
tween the  point  of  a  conducting  wire 
dipped  into  the  fluid  and  a  circular  rim 
of  metal ;  in  which  case  there  is  always 
more  or  less  of  diffusion  of  currents 
while  they  are  passing  through  the  fluid : 
and  generally  there  is  a  tolerably  regu- 
lar radiation  or  concentration  of  the 
currents,  of  which  some  idea  may  be 
formed  by  fig^  117  ;  where  the  current 
passing  from  P  to  N,  through  mercury 
contained  in  the  cylindrical  vessel  V, 
will  radiate  from  the  point  of  the  wire 
towards  every  part  of  the  circumference 
of  that  vessel.  If  the  current  pass  from 
N  to  P,  it  will  converge  towards  the 
wire.  In  either  case  the  act;on  of  a 
strong  current,  passing  along  the  straight 
horizontal  conductor  C  D,  will  give  rise 
to  a  revolving  motion  in  the  mercury,  the 
direction  of  which,  corresponding  with 
the  directions  of  the  two  currents,  is 
indicated  by  the  arrows  at  ir,  D,  and  m. 

(206.)  It  is  not  easy  to  exemplify  by 
direct  experiment  the  theoretical  de- 
ductions applicable  to  the  case  of  the 
action  of  a  straight  current  of  indefinite 
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length  on  a  terminaled  ciinrent;  that  is, 
on  a  j>ortion  of  another  carrent,  situated 
on  one  side  only.  The  difficulty  arises 
from  the  impossibility  of  limiting:  the 
actions  to  those  parts  of  the  currents 
to  which  we  wish  to  confine  them, 
while  studying  their  effects,  and  of  ex- 
cluding the  action  of  the  remainint; 
portions  of  the  currents  necessary  for 
completing  the  circuit  The  only  mode 
of  preventing  the  interference  of  the 
latter,  is  to  neutralize  them  by  opposin:; 
one  part  to  another  ;  this  may  in  a  great 
measure  be  accomplished  by  providing 
for  the  suMivision  and  branching  off  of 
the  currents  in  different  directions,  so 
that  their  actions  may  destroy  one  an- 
other. If,  for  instance,  the  ends  of  the 
smaller  wire  that  is  to  be  rendered 
moveable,  be  nade  to  dip  into  a  vessel 
of  mercury,  of  sufficient  width  to  allow 
of  the  electric  currents  to  diverge  and 
spread  over  a  considerable  surface,  they 
will  not  materially  interfere  with  the 
actions  we  are  examining. 

(207.)  In  the  cases  we  have  just 
considered,  (J  204,)  the  axis  of  ro- 
tation in  the  shorter  wire  was  sup- 
posed to  be  at  its  extremity.  If 
its  situation  were  different  —  were  it, 
for  example,  in  the  middle  of  its  length, 
as  at  X,}ig.  118,  it  is  evident  that  when 
the  current  is  passinc:  from  A  to  B,  it 
niovos  in  the  first  portion  towards  the 

Fi^.  1 1 8. 
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rotatory  forces  would  oppose  eaeh  othflr ; 
and  as  the  strongest  would  prevail,  it 
would  bring  the  conductor  into  a  positioa 
where  they  are  in  eciuilibrium.  SttJIg, 
119,  where  the  portion/ B  of  the  linuted 
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rectilineal  current  A  B,  turning  on  the 
axis  A,  and  crossing  the  unlimited  cur- 
rent C  D,  tends  to  move  in  a  contrary 
direction  to  the  portion  A/,  the  position 
of  equilibrium  being  that  of  A  K. 

(200.)  If  the  current  A  B  be  traversed 
by  the  current  C  D  passing  through  the 
axis  itself,  A,  the  i>osition  of  equilibr  um 
is  that  of  parallelism  between  the  two 
wires.  In  either  case  there  can  be  no 
revolution  round  the  axis. 

J  5.  Action  between  Currents  situated 
in  different  Planes. 

(210.)  Let  us  now  consider  what  will 
happen  when  the  two  currents  A  B  and 
CJ),fig.  120,  are  in  different  plamfs, 
both  being  of  an  indefinite  length,  and 
extending  on  both  sides  of  the  perpen- 
dicular line  P  Q,  which  is  common  to 
the  directions  of  both  currents,  and 
divides  each  into  two  portions.     At- 

Fig.  1 20. 
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centre,  and  in  the  second  portion  from 
it ;  hence  the  rotatory  forces,  denoted 
by  the  arrows  a,  b,  counteract  one  an- 
other, and  the  wire  is  urged  to  revolve 
only  by  the  difference,  if  there  be  any, 
between  them. 

(208.)  If  the  current,  which  we  have 
hitherto  supposed  to  be  terminated,  that 
is.  altogether  on  one  side  of  the  recti- 
linear current,  were  prolonged  so  as  to 
cross  the  latter  (without,  however,  join- 
ing it),  that  portion  which  extended 
'■^eyond  it  would  have  a  tendency  to 
love  in  an  opposite  direction  to  the 
irl   on  the  other  su\e-,  so  \W\.  NXv^is'i 


traction  will  talre  phice  between  those 
portions  in  which  the  current  is  passiot 
towards  P  or  Q,  the  points  at  which  the 
currents  are  nearest  to  each  other ;  ttal 
\vv^the  present  instance,  l)et ween  the 
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poftkms  A  P  and  C  Q.  The  portioni 
P  B  and  Q  D  will  also  attract  one  an- 
other, because  the  currents  are  proceed- 
ing from  the  points  P  and  Q,  in  each 
respectively,  out  the  portions  A  P  and 
Q  D  will  repel  one  another,  as  will  also 
the  portions  P  B  and  C  Q  ;  because  the 
currents  are  moving  in  a  different  man- 
ner in  the  two  that  compose  each  of 
these  pairs. 

All  these  forces  concur  in  producing 
a  rotatory  motion  round  the  axis  P  Q. 
The  wire  A  B  will  tend  to  assume  the 
position  a  h,  parallel  to  C  D  ;  and  the 
wire  C  D  will  be  urged  to  take  the  posi- 
tion c  d  parallel  to  A  B.  I.f  only  one  of 
these  be  moveable,  it  will  place  itself  in 
a  line  parallel  to  the  other ;  if  both  be 
moveable,  tfaey  both  will  take  an  inter- 
mediate position ;  so  that,  in  either  case, 
they  will  become  parallel  to  one  another. 
That  part  of  the  force  which  produces 
this  .rotatory  effect,  and  acts  in  a  plane 
perpendicular  to  the  axis,  may  be  termed 
the  directive  force.  It  varies  as  the 
sine  of  the  angle  A  P  a ;  but  another 
part  of  the  force  still  remains,  namely, 
that  which  acts  in  a  direction  perpendi- 
cular to  this  plane — that  is,  parallel  to 
the  line  P  Q,  the  nearest  distance  of 
the  wires.  It  is  evident  that  this  force 
varies  as  the  cosine  of  the  angle  A  P  a. 
Whenever  that  angle  is  less  tlTan  a  right 
angle,  this  force  is  attractive  ;  and  as  it 
tends  to  bring  the  currents  nearer  to 
each  other,  it  may  be  distinguished  from 
the  former  by  the  designation  of  the 
tquproximaiive  force.  Commencing 
when  the  positions  of  the  wires,  from 
being  perpendicular,  arc  slightly  inclined 
to  eacn  other,  this  latter  force  attains  its 
maximum  when  they  have  been  brought 
by  the  directive  force  into  a  parallel 
position.  When  the  corresponding  por- 
tions of  the  wires,  on  the  other  hand, 
form  an  obtuse  angle,  the  approxima- 
tive force  is  negative,  and  is  so  in  the 
greatest  degree  when  the  wires  are 
parallel,  so  that  their  currents  move  in 
opposite  directions.  This  is  an  obvious 
consequence  of  the  change  of  sign  which 
the  cosine  of  the  angle  A  P  a  experiences 
when  the  latter  changes  from  an  acute 
to  an  obtuse  angle. 

(211.)  If  the  movements  of  either  of 
the  wires  be  restricted  to  rotation  round 
an  axis  different  from  P  Q,  such  as  X, 
/l^.  121,  some  part  of  the  directive  force 
'will  be  destroyed  by  the  opposing  action 
of  the  current  passmg  through  the  por- 
tion X  P,  which  intervenes  ^tween  the 
0:08  and  the  perpendicular.    This  oppo- 


sition of  forces  will  increase  according 
as  the  axis  is  further  removed  from  the 
perpendicular:  so  that  all  action  may 

Fig.  121. 


come  to  be  entirely  neutralized,  if  its 
distance  is  sufficiently  creat  in  propor- 
tion to  the  length  of  the  other  branch, 
P  B,  of  the  current  situated  on  the  other 
side  of  P  Q.  In  estimating  the  result- 
ing effect,  however,  it  is  necessary  to 
take  into  account  the  mechanical  advan- 
tage which  the  rotatory  force,  impelling 
the  remote  part  PB,  has  over  that  which 
impels  X  P,  in  consequence  of  the  greater 
length  of  lever  by  which  it  acts.  When 
the  contrary  rotatory  momenta  thence 
arising  are  equal,  the  currents  will  be  in 
a  position  of  equilibrium,  which  posi- 
tion will  tend  the  more  nearly  to  coin- 
cide with  that  of  parallelism,  in  propor- 
tion as  the  axis  approaches  to  a  coinci- 
dence with  the  pernendicular  P  Q.  This 
result  may  be  verined  by  employing  the 
apparatus  ^g.  106,  which,  from  its  con- 
struction, IS,  as  we  have  seen,  astatic, 
and  by  which  we  may  study  the  action 
of  a  transverse  current  upon  either  of 
the  horizontal  branches  to  which  it  is 
presented. 

§  6.  Mutual  Action  of  JRecti lineal  and 
Curvilineal  Currents. 

(212.)  If  a  terminated  current,  which 
describes  a  curve  line,  be  subjected  to 
the  action  of  an  unlimited  rectilinear 
current,  its  different  portions  will  be 
urged  in  different  directions,  each  being 
perpendicular  to  the  respective  portion 
of  tne  curve.  Thus  the  different  ])art8 
of  the  circular  conductors  A  B,y^.  122, 

Fig,  122. 

A 
A      \ 

^   >■- \    rr 


7t 


SLRCTR0-MAONET15M. 


or  E  F,/^.  123,  throuirh  which  an  eleo- 
tfie  current  is  paRsing:^  vnill  be  ur^ed  by 
the  stimifi;ht  current  C  D,  situated  in  Ihe 
same  plane  with  it,  in  the  various  direc- 
tions indicated  by  the  dotted  arrows. 
If  these  forces  were  all  ec^ual,  or  nearly 

Fig,  123. 
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so,  which  could  only  happen  when  C  D 
was  at  an  infinite  distance,  or  one  in- 
comparably greater  than  the  diameter  of 
the  circle,  tl^y  would  all  be  in  equili- 
brium. But,  in  all  other  cases,  portions  of 
the  circles  nearest  to  the  current  will  he 
more  powerfully  acted  upon  than  the 
remoter  parts,  and  the  forces  by  which 
thev  are  impelled  will  therefore  prevail, 
and  the  whole  circle  will  tend  to  ap- 
proach or  recede  from  C  D,  according 
as  the  direction  of  the  currents  in  that 
part  is  similar  or  contrary  to  that  of  the 
current  C  D.  Thus  it  appears  tluit  the 
approaimative  force  is  equal  to  the  dif- 
ference between  the  resultants  of  the 
attractive  and  repulsive  forces. 

(213.)  If  the  circular  conductor  l)e 
now  made  to  revolve  on  an  axis  XY, 
fg,  124,  parallel  to  C  D,  and  if  it  be 


rotation,  and  into  one  at  right  anetet  ta 
it.  The  latter  of  these  forces  «iu  tend 
to  produce  rotation,  and  to  bring  buck 
the  circle  into  its  position  of  stable  eqai- 
librium  E  0  in  thtt  plane  common  to  it 
and  to  the  current  C  D.  Hence  the 
directive  force,  or  that  which  tends  to 
bring  the  circle  into  this  position,  bf 
turning  it  on  its  axis,  is  composed  of 
the  sum  of  the  resultant  forces,  acting 
Qpon  the  portions  on  each  side  of  the 
axis.  As  the  two  sets  of  force<i  con- 
spire to  produce  the  same  rotation,  it 
matters  not,  as  to  the  ultimate  effect, 
whether  or  not  the  axis  pass  throng 
the  centre  of  the  circle,  provided  it  he 
parallel  to  C  D,  and  either  within  the 
circle  or  beyond  it,  because,  in  the  latter 
case,  where  there  is  an  opposition  of 
rotatoiy  forces,  the  force  acting  on  B 
being  greater  than  that  which  acts  on  A, 
and  also  acting  at  a  mechanical  advan- 
tage, will  always  prevail. 

(214.)  Let  us  next  suppose  the  axis  X  Y 
of  the  circular  conductor  to  be  at  right 
angles  to  C  D,  as  represented  in  fig.  125. 
The  position  of  equilibrium  will,  under 
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turned  on  this  axis  so  that  its  plane  is 
inclined  to  that  which  passes  through  its 
centre  O,  and  the  rectilinear  current 
C  D,  the  directions  of  the  forces  at  A 
and  B,  being  out  of  tlie  plane  of  the 
circle,  may  be  decomposed  each  into  a 
fowe  in  tliat  plane  along  the  radius  of 


these  circumstances,  be  pncisi-lv  ih*? 
same  as  the  former :  for  any  disturban(% 
from  the  situation  of  the  ci'rc)<>  in  which 
its  plane  includes  the  current  C  I),  would 
give  rise,  in  the  portions  (»f  the  circle 
nearest  to  it,  to  rotatory  forces  that  tcnJ 
to  bring  it  hack  to  that  plane,  as  may 
be  understood  from  what  was  explained 
in  $  210.  These  forces  will  V«  aided  by 
those  that  act  on  the  lateral  pojtions  of 
the  circle,  in  which  an  attraction^xi"*!* 
towards  those  portions  of  the  stri^^t 
current  where  the  directions  corresiM 
as  far  as  re«^ards  tlie  approach  to* 
recession  from  the  nearest  points  of  ? 
two  conductors.  The  only  forces  t; 
posing  these  are  the  forces  actinir  upo 
the  remoter  parts  of  the  circle,  which  ar 
of  course  too  weak  to  change  the  natii 
of  the  effect  resulting  from  the  formi 
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(215.)  Whatever  be  the  action  which 
the  circular  current  receives  from  the 
rectilineal  one,  a  similar  and  opposite 
•etion  is  exerted  by  it  on  the  latter,  whieh 
is  urged  to  assume  a  position  in  the  plane 
of  the  circle,  and  sucti  that  the  adjacent 
currents  in  each  may  be  moving  in 
similar  directions. 

(216.)  The  action  of  a  circular  cur- 
rent upon  a  rectilinear,  but  terminated 
current,  situated  wholly  on  one  side  of 
the  plane  of  the  circle,  and  inclined  to  it 
at  a  given  angle,  requires  especial  notice. 
If  ttS  direction  of  the  straight  current, 
when  prolonged,  pass  near  the  centre  of 
the  circle,  tne  forces  ths^  act  upon  it 
are  nearly  balanced,  and  neither  action 
nor  reaction  is  perceptible.  If  it  be 
near  the  circumference,  the  action  of  the 
adjacent  portion  of  that  circumference 
will  pretlominate,  and  effects,  similar  to 
those  taking  place  between  a  terminated 
and  an  unlimited  cuirent,  will  be  pro- 
duced, with  this  modification,  however, 
that  the  unlimited  current  being  circular, 
the  motion  of  translation  in  a  straight 
conductor  at  right  angles  to  the  plane  of 
the  circle,  following  the  course  of  the 
circumference,  becomes  itself  circular ; 
and  if  the  conductor  be  attached  to  an 
axis  perpendicular  to  the  plane  of  the 
circle,  and  passing  through  its  centre, 
that  conductor  will  be  mSde  to  revolve 
continually  around  that  axis,  as  shown  in 
fig.  r26.  where  C  D  is  the  circular  current, 
and  A  B  the  straight  moveable,  but  tir- 
minated  current.     This  rotatory  force 


contrary  direction,  as  marked   by  the 
dotted  arrows  parallel  to  it. 

(217.)  All  these  effects  will  be  con- 
siderably  increased  if  a  great  number  of 
similar  currents  he  moving  in  the  same 
direction  in  the  different  parts  of  the 
circuit,  described  by  the  straight  eurrent 
in  the  last  para^aph.  This  may  be 
obtained  by  making  currents  traverse 
a  number  of  wires  placed  in  the  surface 
of  a 'cylinder,  and  parallel  to  its  axis, 
which  IS  also  thai  of  the  rotation;  or, 
what  will  be  equivalent  to  this  arrange- 
ment, by  makins:  a  current  pass  along 
tlie  surface  of  a  hollow  conducting  cylin- 
der, in  the  direction  of  its  length  ;  for  in 
that  case,  the  current  may  be  considered 
us  dividing  itself  into  an  infinite  number 
of  parallel  filamentK. 

(218.)  A  similar  augmentation  of 
power  may  ))e  obtained  by  multiplying 
the  circular  currents,  either  by  employ- 
ing a  wire  coiled  into  the  form  of  a  ring, 
or  into  that  of  a  flat  spiral.  When  these 
rings  or  spirais  are  combined  with  the 
cylinders  above  mentioned,  the  effects 
are  again  proiM>rtionably  increased. 

(219.)  The  modes  of  exemplifying 
these  conchisions  experimentally^  are 
various.  Thus,  a  wire,  as  shown  in^^. 
127,  consisting  of  two  vertical  branches, 
united  above  by  a  transverse  arch,  to 

Fiff.  127. 


c^.^ 


extends  its  influence  beyond  the  interior 
of  the  circle  to  any  distance,  provided 
the  straight  current  do  not  pass  beyond 
the  plane  of  the  circle.  The  reaction  of 
the  straight  current  on  the  circular  con- 
ductor impels  the  latter  to  revolve  in  the 


ll^S&^ 


•I  e  centre  of  which  is  affixed   a  steel 
point  turning  downwards,  for  the  pur- 
pose of  suspension,  may  be  united  below 
to  a  circular  rim,  which  dii)s  into  a 
shallow  trough  of  mercury,  so  as  to  en- 
able us  to  transmit  currents  through  the 
wire,  that  will  move  in  both  the  vertical 
wires  in  the  same  direction;  that   is 
either  upwards  or  downwards  in  both. 
If,  while  so  suspended  ami  connected,  a 
circular  current  be  made  to  act  upon 
it  from  below,  whether  by  means  of  a 
single  circle,  as   shown  m    the  same 
figure,  or  by  a  spiral  coil,  as  that  of 
Jig.  128,  the  wire  will  revolve  round  its 
axis  of  suspension,  in  a  direction  thtUtx 


\ 
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mined  by  the  relative  direction  of  the    round  on  an  axis,  A  X,  be  subjected  to 

conent.  ^^  action  of  a  drcdlar  current  C  D,  the 

pM     .  „^  plane  of  which  is  wholly  below  it,  it  will 

^^'  revolve,  describing  a  conical  surface.* 


(220.)  A  hollow  cylinder.  Jig.  129' 
balanced  in  a  similar  manner  as  thn* 
oi  Jig.  123,  may  be  substituted  for  the 
wire;  but  its  revolution  will  in  general 

Pig.  129. 


not  be  so  rapid  as  the  wire;  because, 
although  il  may  convey  a  more  powerful 
current,  the  weight  to  be  moved  is 
also  proportionably  increased. 

(221.)  The  rotation  of  the  circular  or 
spiral  conductor  may  in  like  manner  be 
exhibited  by  suspending  either  of  them 
from  a  point  in  the  axis  of  the  circle,  as  in 
Hg.  130,  and  subjecting  it  to  the  action  of 

lug.  130. 


r\ 


a  terminated  \ertical  current,  that  does 
not  extend  to  both  sides  of  its  plane. 

(222.)  TheetfVct  is  the  same  at  what- 
ever anule  the  direction  of  the  siraitrht 
current  is  inclined  to  the  plane  of  the 
circular  current,  provided  the  axis  on 
which  it  revolves  be  perpendicular  to 
*hat  plaiu'  and  {)ass  through  its  centre, 
Ws.  if  the  wire  AU,  /i:r.\3\,w\o\v!v\U 


(223.)  Pursuing  this  investigation,  it 
becomes  evident  that  a  revolving  mo- 
lion  will  equally  take  place,  if  the 
straight  conductor  he  parallel  to  the 
plane  of  the  circle,  provided  it  does  not 
exceed  in  length  the  radius  of  the  circle. 
Thus,  the  straight  conductor  A  B,  fig, 
132,  which  is  wholly  within  the  drde 
C  D,  revolves  round  the  axis  A,  in  the 

Fig.  132. 


same  direction  as  the  current  in  ilwt 
circle,  when  its  own  curient  is  passing 
from  the  circumference  to  the  ceptn*. 
When  its  current  passes  from  the  centre 
to  the  circumference,  it  will  revolve  in  a 
direction  contrary  to  the  motion  of  the 
current  in  the  circle.  On  the  other 
hand,  if  the  straight  current  be  fixed, 
and  the  circle  moveable  round  its  centre, 
the  action  of  the  former  will  cause  the 
latter  to  revolve  in  directions  opposite 
to  those  which  have  been  just  stated. 

(224.)  It  may  be  observed  that  we 
have  limited  this  proposition  to  the  cases 
in  which  the  current  A  B  does  not  ex- 
tend beyond  the  circumference  of  the 
circle;  for  if  it  did,  as  seen  mjig.  133. 
the  exterior  portion  A  B,  being:  affected 
in  an  opposite  manner  from  the  interior 
portion  B  C,  there  would  arise  an  op 
position  among  the  rotatory  forces; 
and  the  amount  as  well  as  direction  ul 
the  resulting  moti(»n  would  Ik?  regulated 
Iw  the  ditlerence  U'tween  them.    This 
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eontnuridy  of  effect  will,  on  the  other    lerior  to  it,  which  may  be  obtained  by 
hand,  be  rcmoyed,  if  the  straight  cur-    surrounding  the  cylinder  with  a  metallic 
•     /Xg.^  133,  ring  of  larger  diameter,  and  making  this 

**  ring  the  medium  of  communication  with 

-^  the  battery,  the  revolution  of  the  cylin- 

der will  be  made  in  the  opposite  airec- 
tion  to  what  it  was  l)efore. 

i  7.  Reciprocal  Action  of  Circular 
Currenii. 

(226.)  The  mutual  actions  exerted 
l)etween  two  circular  ctirrents,  may 
readily  be  collected  from  the  application 
of  the  general  law  of*  attraction  among 
those  parts  in  which  the  directions  of 
the  currents  are  similar,  and  of  repul- 
sion where  they  are  dissimilar.  If  one 
of  the  circles  be  fixed  and  the  motion  of 
the  other  he  limited  to  revolution  round 
an  axis,  the  effiects  of  their  mutual 
action  will  depend  on  the  position- of 
the  centre  of  the  moveable  circle  with 
regard  to  the  plane  of  the  fixed  circle, 
and  also  upon  the  position  and  inclina- 
tion of  the  axis  with  relation  to  the  line 
joining  l)oth  centres. 

(227.)  If  the  centre  of  the  moveable 
circle  be  in  the  same  plane  with,  the 
fixed  circle,  or  not  far  removed  from  it, 
whatever  be  the  inclination  of  the  axis, 
a  directive  force  will  arise,  tending  to 
bring  the  whole  of  the  circumference 
into  that  plane,  and  to  make  it  assume 
such  a  position  as  that  the  currents  in 
the  adjacent  portions  of  the  circle  shall 
be  in  the  mme  directions.  Thus  C  D, 
(figs.  135   and   136,)  being  the  fixed. 

Fig.  13J. 


rent  lie  wholly  exterior  to  the  circle,  as 
A  B,  fig,  1^4,  though  still  moveable 
round  the  same  axis  as  before.  The 
revolution  will  now  be  performed  in  a 

Fig,  134. 
A 


v.. 


direction  contrary  to  that  of  the  interior 
current  in  the  former  case.  The  reaction 
of  an  exterior  current  on  the  circular 
conductor  will  likewise  be  in  the  oppo- 
site direction  to  what  it  was  before. 

(2tf5.)  It  is  obvious  that  every  thing 
that  has  been  stated  with  regard  to 
straight  currents,  the  direction  of  which 
is  toti-ards  or  from  the  centre  of  the 
circular  cuirent,  applies  also  to  a  num- 
ber of  radiating  or  converging  currents. 

Hence  if  the  cylinder,  y^.  129,  com- 
municating by  its  point  with  one  of  the 
poles  of  a  voltaic  battery,  have  its  lower 
rim  immersed  in  a  flat  dish  containing 
mercury,  communicating  by  a  wire  from 
its  centre  with  the  opposite  pole  of  the 
battery, '  radiating  or  converging  cur- 
rents w'ill  be  established  in  the  mercury, 
which,  acting  on  the  vertical  currents 
existing  in  the  sides  of  the  cvlindtr,  will 
cause  it  to  revolve.  If  the  currents 
tending  to  or  from  the  cylinder  be  ex- 


Fig,  136. 


^D 


and  A  B  the  moveable  circle,  on  the 
axis  X  Y,  the  directive  force  will  bring 
the  latter  into  the  position  E  e,  that  is, 
in  the  same  plane  with  C  D  ;  and  this  will 
hai)|K'n  equally,  whether  the  axis  he  at 
riiMit  angles  to  the  Uu«   'y^vcwvc^  VSuex 
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centreH,  a<  in  flg.  135,  or  coincide  with 
it  as  in  Jig,  136,  or  have  any  other 
inclination  to  it. 

228.  If  the  centre  of  the  moveable 
circle  be  any  where  in  a  line  drawn 
througrh  the  centre  of  the  former,  and 
perpendicular  to  its  plane,  the  moveable 
circle  will  tend  to  arrange  itself  in  a 
plane  parallel  to  the  fixed  circle,  and 
navin^  its  currents  movins:  in  a  simiUr 
direction.  This  is  evident  irom  Jig.  137, 
in  which  the  same  letters  as  before  are 
used  to  denote  the  corresponding  points. 


actions  of  circular  currents,  either  m 
each  other  or  on  straight  conductors 
are  most  advantageously  made  by  metn$ 
of  a  flat  spiral  rendered  asiatie,  hy  op- 
posing to  it  a  similar  cx>il  on  the  oppo- 
site arm  of  the  lever,  from  the  middle  •>( 
which  they  are  buUi  suspended,  as  shown 
iTi  Jig.  138.  the   spiral   turns  being 

Fig,  X'M, 


in 


(229.)  In  both  cases  an  approxi- 
mative force  takes  place,  whenever  the 
moveable  cirde  has  arrived  at  its  po- 
sition of  equilibrium;  which  force,  in 
the  latter  case,  is  particularly  strong, 
inasmuch  as  the  attraction  of  the  cor- 
responding parts  of  the  circles  is  uniform 
throuyhout  the  whole  circumference. 

(230.)  For  each  position  of  the  centre 
of  the  moveable  circle,  intermediate  to 
those  above  described,  there  exists  a 
particular  position  of  equilibrium,  the 
line  of  which.  iJf  prolonged,  would  inter- 
sect the  plane  ot*.  the  fixed  circle  at  a 
certain  distance  beyond  it. 

(231.)  Ail  these  positions  of  equili- 
brium are  determinate,  and  exclude  the 
possibility  of  any  continued  rotatory  or 
revolving  motions. 

(232.)  When  an  electric  current,  after 
traversing  a  certain  line  of  conducting 
bodies,  returns  upon  itself,  so  as  to 
arrive  at  the  point  from  which  it  had 
set  out,  or  very  near  it,  it  has  been  de- 
nominated a  closed  circuit.  Such  is 
the  case  with  the  circles  we  have  been 
considering.  One  of  the  most  import- 
ant fact  s  on  which  the  theory  of  electro- 
dynamics rests,  is  that  the  mutual  action 
of  two  closed  circuits  cannot  produce, 
in  either  of  these  circuits,  a  continued 
rotatory  motion  in  an  invariable  direc- 
tion; and,  consequently,  no  assemblage 
of  closed  circuits  can  ever  be  made  to 
produce  such  rotatory  motion,  in  what- 
ever manner  they  may  be  disposed. 
(23J.)    Experiments    on   the   niuttial 


different  directions  in  each,  so  that  the 
rotatory  influence  of  the  earth  on  the 
one  shall  be  exactly  balanced  by  its  in- 
fluence on  the  other. 

$  8.  Mutual  Action  oj  Heliacal  and 
Rectilinear  Conduc-tnrs. 

(234.)  We  have  seen  that  the  action 
of  conducting  wires  rolled  into  the  form 
of  a  flat  spiral  is  similar  aImoi»t  in 
every  respect  to  that  of  a  simple  circulhr 
wire;  but  when  coiled  round  the  sur- 
face of  a  cylmder,  so  as  to  cons-itute  .i 
helix,  its  action  becomes  much  ri.oi. 
complicated.  When  the  extremities  ii 
the  wire,  after  completing  the  helix,  au 
made  to  return  along  the  axis,  as  iii-- 
scribed  in  §  10.5,  and  shown  in  /jf.  71. 
constituting  what  has  been  termed  hy 
Ampbre  an  electro-dynamic  cyliiifiti. 
the  whole  may  he  considered  as  equiva- 
lent in  effect  to  a  succession  of  circles, 
whose  planes  are  perpendicular  t«  tiw 
axis,  and  occupy  the  whole  length  of  tin.- 
cylinder.  In  determining  tiie  forces 
that  are  called  into  operation  l)y  suih 
an  apparatus,  we  may,  therefore,  put  out 
of  consideration  the  slight  oUiqiiity 
which  the  turns  of  the  spires  have  to 
the  axis,  and  the  effect  of  which  ii 
completely  neutralized  by  the  com:- 
spending  portion  of  the  wire  that  pasSL'» 
along  the  axis ;  and  we  may  rc^gard  the 
whole  as  composed  of  currents  circu- 
lating at  right  angles  to  the  lengUi  d 
the  cylinder. 

C235.)  Since  we  have  seen  that  the 
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tee  of  a  single  circular  current 
^g.  126,  on  a  straig[ht  terminated 
t  A  B,  perpendicular  to  the  plane 

circle,  is  to  induce  in  it  a  ten- 
to  revolve  with  a  motion  parallel 
f,  round  the  line  drawn  from  I  he 

of  the  circle  perpendicularly  to 
tie,  it  is  evident  that  the  addition 
ilar  circles,  placed  in  succession 
'  below  the  iirst,  (supposine:  the 
ertical,  as  in  the  figure,)  will  tend 
ease  this  force  of  revolution.  The 
>f  each  additional  circle,  it  is  true, 
than  the  preceding,  not  only  be- 
lts distance  is  greater,  but  also 
e  its  action  is  more  oblique,  and 
e  the  difference  Ixitween  the  ac- 
^i  tlie  nearer  and  more  remote 
IS  of  the  circle  continually  di- 
es as  the  angle  between  the 
Irawn  from  the  several  points  in 
aight  conductor,  and  the  centres 
•espective  circles,  increases,  which 
:ase  as  they  are  further  removed 
he  extremi!y  of  the  straight  con- 

From  all  these  considerations, 
ce  by  which  the  current  A  B,yfo'. 
urged  to  revolve  round  the  axis. 

Fig.  139. 

aA 
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consequence  of  the  action  of  the 
lost  circle  G  H,  is  plainly  less 
lut  exerted  by  the  circle  F/,  and 
s  than  that  exerted  by  C  D 
.)  On  the  other  hand,  if  we  add 
session  a  number  of  circular  cur- 
bove  C  D,  they  will  conspire  with 
'er  circles  in  their  effect  of  pro- 

a  tendency  to  revolution  in  the 
t  conductor;  but  each  will  do 
ly  by  its  action  on  that  part  of 
nductor  that  is  above    its  own 

for  its  operation  in  any  portion 


situated  below  that  plane  is  to  produce 
a  revolution  in  the  contrary  direction. 
So  that  the  action  exerted  upon  any 
elementary  portion  of  a  vertical  current, 
at  E,  for  example,  is,  as  far  as  it  depends 
upon  the  circles  above  that  which  is 
nearest  to  it,  exactly  balanced  by  an 
equal  number  of  circles  below  it ;  that 
is,  the  circles  lying  between  C  and  e  are 
counterbalanced  by  titose  lying  between 
e  and  F,  the  whole  of  that  portion  of 
the  cylinder  between  C  and  F  being 
neutralized ;  and  the  only  portion  that 
is  active  being  that  which  lies  beyond 
F,  that  is,  between  F  and  G.  This 
active  part  of  the  cylinder  becomes 
smaller  in  proportion  as  the  element  is 
situated  nearer  to  the  plane  which  di- 
vides the  cylinder  into  two  equal  parts ; 
and  at  this  point  the  action  is  reduced 
to  nothing :  on  the  contrary,  it  increases 
as  the  element  comes  nearer  to  either 
extremity  of  the  cylinder,  where  it  is  the 
greatest  of  all.  These  extremities  may 
accordingly  be  considered  as  the  active 
poles  of  the  cylinder,  round  which  the 
revolution  of  the  conductor  is  made: 
the  resultant  of  all  the  forces  .called  into 
action  by  every  part  of  the  cylinder  has 
the  direction  of  the  tangent  of  the  circle 
of  revolution ;  tliat  is  to  say,  is  at  right 
angles  to  the  line  joining  the  straight 
conductor  and  the  pole. 

(237.)  It  is  hardly  nece^ary  to  re- 
mark that  the  action  in  this,  as  in 
every  other  instance,  is  reciprocal  be- 
tween the  straight  conductor  and  elec- 
tro-dynamic cylinder ;  so  that  if  the 
conductor  be  fixed  and  the  cylinder 
moveable,  the  latter-  will  revolve  round 
the  former ;  or,  if  restricted  to  a  motion 
round  its  own  axis,  it  will  perform  a 
rotatory  movement  round  that  axis. 

(238.)  The  same  tendency  to  revolu- 
tion about  the  poles  of  an  electro-dynamic 
cylinder,  arising  from  a  force  of  a  tan- 
gential kind,  apparently  emanating  from 
these  poles,  is  observed  to  take  place, 
whatever  be  the  angle  of  inclination 
between  the  straight  conductor  and  the 
axis  of  the  cylinder.  In  order  to  ex- 
plain this  curious  fact,  the  application 
of  which  is  .of  considerable  importance 
in  a  theoretical  point  of  view,  we  must 
avail  ourselves  of  the  principle  enun- 
ciated above  (}  198),  namely,  that  the 
electro-dynamic  action  of  current*  that 
occupy  in  a  similar  manner  two  different 
surfaces,  subtending  the  same  angular 
extent,  and  lying  in  the  same  direction 
with  reference  to  any  point,  on  an  ele- 
mentary portion  of  current  tituadiAA.  ^ 
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that  point,  are  equal.  It  will  also  be 
convenient  to  analyze  the  actions  of 
each  circular  current  into  those  exerted 
in  planes  at  right  angles  to  each  other, 
a  mode  of  viewins;  them  which,  being 
analogous  to  the  artifice  of  the  're- 
solution of  forces  constantly  resorted 
to  in  dynamics,  will  make  no  dif- 
ference in  the  results.  Conceive,  then, 
that  the  currents,  instead  of  moving 
in  the  circumference  of  a  circle,  tra- 
verse the  four  sides  of  a  square,  and 
that  the  cylinder  is  represented  by  a 
square  prism.  S  N,  fig.  140,  is  in- 
tended to  convey  the  idea  of  a  pnsm, 
so  constituted,  the  surface  of  which  is 

Fig.  140. 
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occupied  by  electric  currents  circulating 
round  each  of  the  laminae,  into  which  it 
may  be  divided  by  planes  perpendicular 
to  its  axis,  the  direction  of  the  currents 
being  marked  in  the  two  sides  which 
C'>me  into«view,  by  the  arrows.  On  the 
sides  opposite  to  (hem,  and  which  are 
not  seen,  the  currents  are,  of  course, 
moving:  in  the  contrary  directions. 

(•239.)  Let  us  now  examine  the  effects 
of  currents  in  each  side  upon  a  straight 
conductor,  whose  direction  is  at  rii;ht 
angles  to  the  axis,  and  which  is  placed 
in  various  positions  with  regard  to  the 
prism. 

Let  P  Q  11  8,  Jig.  141,  be  the  upper 
surface  of  this  prism,  its  axis  being 
horizontal;  let  W  be  the  section  of  a 
vertical   conducting   wire,   of  indefinite 

Fi<r   Ml. 


•dn  if  RS,  and  returninfi;  on  the kmcr 
side  in  a  direction  from  R  8  towanb 
PQ. 

Since  the  currents  are  passing  in  op- 
posite directions  in  the  upper  and  loner 
surfaces  of  the  pnsm,  their  effects  on  W 
(as  far  as  any  horizontal  motion  is  qon- 
cemed)  are  completely  neutralized ;  and 
we  need,  therefore,  only  examine  the  ac- 
tions oft  he  vertical  surfaces  P  Q  and  RS. 
Let  R  W  and  S  W  bethe  sections  of  two 
vertical  planes,  drawn  from  W  to  R  and 
to  S,  cutting  P  Q  in  U  and  V  respectively. 
It  follows  from  the  proposition  above 
referred  to  that  the  actions  of  the  cur- 
rents in  that  portion  of  the  surface  P  Q. 
adjacent  to  W,  which  is  included  hi> 
tween  U  and  V,  are  exactly  balanced 
by  the  currents  in  the  whole  of  the  sur- 
face R  S,  opposite  to  it,  and  which  run 
in  contrary  directions.  The  resulting 
action,  therefore,  will  be  determined 
only  by  the  currents  in  the  remamins 
portions  oC  the  surface  P  Q,  situated 
between  P  and  U  on  the  one  side,  and 
between  V  and  Q  on  the  other,  both  of 
which  attract  the  current  in  W:  the 
former  in  the  direction  of  W  tc,  the  lat- 
ter in  the  direction  W  r.  These  two 
forces  combine  in  giving  a  resultant  in 
the  direction  W  r,  indicating  an  attrac- 
tion towards  the  centre  of  tlie  prism. 

(240.)  In  proportion  as  the  situation 
of  the  vertical  conductor  is  taken  nearer 
to  either  of  the  extremities  of  the  prism, 
such  as  Q  S,  for  instance,  the  portion 
P  U  of  the  side  P  Q,  intercepted  between 
the  plane  RW  and  the  extremity  P, 
increases  in  extent,  while  the  portion 
VQ  diminishes.  Consequently  the  forees 
arising  from  the  attractions  of  the  former 
portion  are  proportionally  increased,  and 
lho.se  from  the  latter  diminished,  and  the 
resultintr  force  gradually  becomes  more 
inclined  towards  P. 

(241.)  When  W  is  situated  in  the 
plane  of  the  side  Q  S.  as  in/^r.  I42,  the 
force  arising  from  the  currents  adjomii^ 

Fig.  ]42. 


length,  perpendicular  to  the  plane  of  the 
figure ;  and  let  the  current  be  moviniij  in 
this  wire  in  the  same  direction  as  those 
currents  which  traverse  the  adjacent  ver- 
tical side  of  tht*  prism,  of  which  the  upper 
edge  is  P  Q.  We  shall  suppose,  for  exam- 
ple, that  the  currents  are  ascending  in  the 
wire,  and  also  in  the  side  adjacent  to  it, 
whence  they  traverse  the  upper  side 
from  P  Q  towards  R  S  (as  denoted  by 
^he  arrows),  descending  again  on  the 
ide  opposite  to  W,  and  of  which  the 


w 
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to  Q  vanishes  entirely,  and  the  action 
upon  the  wire  depends  solely  upon  the 
currents  in  the  remoter  division  of  the 
side  PQ,  namely,  that  comprehendel 
between  P  and  U.  The  resultant  force 
will  therefore  be  directed  towards  tbeie 
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tf,  heint^  nearly  at  right  angles  to 
eWQ. 

I.)  When  W  is  situated  on  the 
side  of  this  line,  as  shown  in  fig, 
he  extent  of  the  active  portion  of 
rface  PQ  has  increased  cbnsi- 
^  for  it  now  occupies  the  large 
P  U  ;  but  its  power  has  not  in- 
l  in  the  same  proportion,  because 

Fig.  143. 


of  the  line  Q  S,yf^.  146.  the  currents 
between  P  and  Q  being  neutralized  by 


Fig.  146. 
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ion  is  more  oblique,  as  well  as 
distant  than  it  was  before.  The 
nt  of  this  action  is  in  the  direc- 
V  u.  It  is  combined,  however, 
lother  set  of  forces,  those  arising 
tie  uncompensated  portion  V  S,  of 
-face  R  S,  situated  between  S  and 
rtical  plane  W  Q  V.  The  cur- 
n  this  portion  are  moving  in  a 
)n  contrary  to  that  in  W :  their 
upon  it  is  therefore  repulsive,  and 
rce  thence  arising  may  be  repre- 
])y  W  V,  which,  combined  with 
ives,  as  a  final resu  J;  nt,  tlie  lorce 

.)  When  W  is  placed  in  the  pro- 
on  of  the  axis  of  the  prism,  as  in 
I,  it  is  attracted  by  the  whole  of 
rrents  in  the  side  P  Q,  and  re- 
by  the  whole  of  those  in  R  S, 

'Fig.  144. 
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those  between  V  and  S,  the  only  active 
currents  are  those  between  R  and  V, 
which  being  repulsive,  the  resultant  is 
in  the  direction  W  r. 

(246.)  When  the  situation  of  W  is  as 
shown  in  flg.  147, the  active  portions  of 
the  currents  are  those  occupying  the 
spaces  R  U  and  V  S,  which  being  both 
repulsive,  and  acting  according  to  the 
directions  Wt*  and  Wr  resjiectively, 
join  in  producing  the  resultant  W  r. 

Fig.  147. 
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(247.)  Thus  it  appears  that,  combining 
all  the  results  of  this  induction,  the  con- 
ducting wire  is,  in  every  situation,  urged 
by  a  force  impelling  it  m  the  direction  of 
a  tangent  to  the  circumference  of  a  cir- 
cle, C,  Jig,  148,  round  the  extremity  of 
the  prism,  P,  which  may  therefore  be 
considered  as  having  the  functions  of 


yf 


Fig,  148. 


ner  E:iving  rise  to  the  force  Wm, 
2r  to  the  force  W  r,  their  result- 
i^W  r. 

)  When    W  is   in  the  situation 

ited   in  fig.   145,    the  currents 

I  between  V   and  S  are  neutra- 

those  between  P  and  U.    Those 

Fig.  145. 
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1  R  and  V  repel  W  in  the  direc- 
W  r,  while  those  between  U  and 
ct  it  in  the  direction  W  u,  forces 
jroduoe  the  resultant  W  r. 
)  When  W  is  in  the  prolongation 


• 
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a  pole.  The  force  thus  arising  pos- 
sesses the  same  character  of  being  rota- 
tory and  tangential  as  that  which  was 
exerted  on  the  same  wire  when  its  direc- 
tion was  parallel  to  the  axis :  and  if  it 
possess  this  character  in  two  directions 
that  are  at  right  angles  to  each  other,  it 
may  fairly  be  inferred  that  the  law  is 
general,  and  that  it  applies  to  fldl  the 
intermediate  inclinatigns. 

(248.)  The  explanation  above  given 
will  be  sufficient  to  convey  a  general 
idea  of  the  application  of  the  theorY  tn 
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the  phenomenon  in  question.  But  the  respect  by  the  relative  position  of  the 
subject  has  been  investigated  with  all  tlie  axis  of  the  cylinder, 
rigour  of  mathematical  analysis,  and  the  iv.  The  action  of  this  cylinder  upon 
results  determined  with  all  the  precision  conductors,  of  whatever  form  or  magni- 
that  carr  be  req^uired  for  comparison  tude,  is  subject  to  the  same  conditions, 
with  actual  experiment.  We  have  pur-  being  dependent  solely  upon  the  posi- 
posely  omittea  several  of  the  minuter  tion  of  that  extremity,  which  is  referred 
details  which  were  even  compatible  with  to  the  conductor,  and  remains  the  same 
the  popular  view  we  have  presented,  but  whatever  be  the  direction  of  the  axis  of 
which  would  have  required  more  com-     the  cylinder  •. 

plicated  diagrams  for  their  exposition,  (250.)  The  conclusions  thus  deduced 
and  considerably  lengthened  the  inquiry,  from  the  evidence  of  observation,  com- 
but  which  have  no  material  influence  on  bined  with  the  deductions  from  theory, 
the  ultimate  conclusions.  Thus,  if  the  indicate  the  strongest  analogy,  arid 
straicht  conductor,  instead  of  being  almost  perfect  identitjr,  between  the 
indefinite  in  length,  were  terminated,  agency  of  electro-dynamic  cylinders  and 
and  wholly  above  the  horizontal  prism,  that  of  magnets.  The  law  of  their  ac- 
it  would  be  found  that  there  is  no  longer  tion  upon  an  electric  current,  and  of  the 
that  exact  compensation  between  the  reaction  of  the  latter  upon  both,  is  pre- 
currcnts  in  the  upper  and  lower  surfaces ;  cisely  the  same ;  so  much  so,  that  if  we 
for  when  the  conductor  is  immediately  had  the  command  of  sufficiently  power- 
above  the  prism,  the  upper  currents  ful  currents,  the  electro-dynamic  cylin* 
have  a  mucn  more  considerable  influ-  der  might  be  substituted  for  the  mag- 
ence  on  it  than  the  lower  currents,  and  net  in  all  the  experiments  we  have  de- 
urge  it  on  its  revolution  in  the  same  scribed  in  the  last  Chapter,  and  the 
direction  as  that  in  which  it  was  moving  same  results,  whether  of  attraction,  re- 
from  the  effect  of  the  other  forces  in  pulsion,  or  revolution,  would  be  obtained 
operation.  At  the  remotest  part  of  the  from  them.  The  two  extremities  of  an 
circle,  the  lower  currents  come  more  into  electro-dynamic  cylinder  exhibit  aH  the 
operation  from  their  actios:  ^vith  less  properties  possessed  by  the  poks  of  a 
obliquity  than  the  upper  currents,  and  magnet :  that  end  in  which  the  current 
concur,  in  their  turn,  in  au2:menting  the  of  positive  electricity  is  moving  in  a 
tendency  to  revolution  in  the  same  di-  direction  similar  to  the  movements  of 
red  ion.  the   hands  of  a  watch,  acting  as  the 

(249  )  The    followinc:  laws    are    ob-  south  pole  of  a  common  magnet  ;  and 

tained  as   the  results  of  the  matliema-  the  other  end,  in  which  the  current  is 

tical  investigation  of  the  subject: —  moving  in  a  contrary  manner,  manifest- 

i.  'I  he  action  of  a  very  slender  electro-  ina:  a  northern  polarity, 
dynamic   cylinder  upon  an  elementary        Ci.)!.)  It  will  be  readily  anticipateJ, 

portion   ot  a  current  may  be  resolved  from   the  known  resemblance  betwten 

into  two  forces,  actinjx  in  directions  per-  the   action   of  eleclro-dynamieal   cylin- 

pendiciilar  to  the  direction  of  the  cur-  ders  and  of  niai^nets  on  electric  currents, 

rent,  and  also  respectively  perpendicu-  that  two  such  cylinders  v  ill  net   upon 

lar  to  the  lines  drawn  from  it  to  each  of  each  other  precisely  in   the  same  way 

the  extremities  of  the  axis  of  the  cylin-  as  magnets  do.      Theory  confirms  the 

der ;  each  of  these  forces  beins:  inversely  exactness  of  this  ceniral  conclusion  ;  for 

Hs  the  squares  of  these  distances.  -        '  the  Ibllowinir  is  the  law  to  which  mathe- 

ii.  The  action  of  an  electro-dynamic  maticalexamination  conducts  us, namely, 
cylinder  upon  an  indefinite  ctinductor,  that  the  mutual  action  of  two  electro- 
perpendicular  to  its  axis,  may,  in  like  dynamic  cylinders  may  always  be  repre- 
manner,  be  reduced  to  two  tangential  sented  by  four  forces,  havini:  the  direc- 
forces,  as  in  the  former  case  ;  but  these  tions  of  lines  dia^n  fiom  each  extremity 
forces  are  in  the  simple  inverse  ratio  of  of  the  one  to  both  extremities  of  the 
the  distances  from  the  extremities  of  the  other,  and  beinj;  to  one  another  in  tlve 
cylinder.  reciprocal  ratio  of  the  squares  of  these 

iii.  If  the  length  of  the  electro-dynamic  lines,   pruvided  these  distances  be  not 

cylinder  be  supposed  to  be  indefinite,  its  exceedint^ly  small  t. 

action  upon  an  elementary  portion  of  a — ■ — 

current  will  ?lepend  entirely  upon   the  JJ.r^'^^^'V^  .rob..rv;*rums  }.:i:jctnvdy«*i 

...  „•     '  r    ^i_         1  X  ,  niuiucs,    \\.  34J.     S«'('   also  Di'monfermnU »   Msnuf- 

relative  ])ositions   of  the  element,   and  (rKic<tiiciroi)y:.imi.|ii.>;or  cimming'^TrMrianwi. 

that  extremity  cf  the  cylinder  to  which  ppo;.!-.;,  i:w;.tnai40 

IS  referred,  and  is  influenced  in   no  mi-ju... )tc  I>.»43.  ^^it^^jmw 
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(252.)  The  mutual  action  of  electro- 
dynamic  cylinders  on  magnets  is  the 
same  as  that  of  two  ma^ets  on  each 
other,  so  that  in  any  experiment  the  one 
may  be  substituted  for  the  other  without 
Hfl^tinj;  the  nature  of  the  result. 

Chapter  XII. 
Theories  of  Electro-  Magnetism. 

}  I .  EleeirO'  Magnetic  Theory  of  Oersted, 

(253.)  Thk  discovery  of  the  remark- 
kble  phenomena  of  electro-masrnetism 
naturally  ^ve  rise  to  the  invention  of 
a  variety  of  hypotheses  for  their  expla- 
nation. Adopting  the  theory  which 
ascribes  the  electric  phenomena  to  the 
agency  of  two  fluids,  composing  by  their 
union  a  neutral  fluid,  and  exhibiting 
their  peculiar  powers  when  that  union 
is  decomposecU  and  when  they  are  ob- 
tained separately.  Professor  Oersted 
conceived  that  a  distinct  class  of  effects 
resulted  during  the  act  of  their  reunion ; 
which  was  marked,  not  only  by  mecha- 
nical Agitations  amon^  the  particles  of 
bodies, l)y  the  production  of  sound,  by 
the  evolution  of  light,  and  by  the  dis- 
engagement of  heat,  but  also  by  the 
disturbance  of  the  magnetic  equilibrium. 
These  phenomena  seemed  to  indicate 
the  occurrence  of  great  and  sudden 
changes  takinc  place  in  the  conditions 
of  two  powerful  agents  at  the  moment 
of  their  coalescence,  and  sugtrcsted  to 
Oersted  the  idea  that  something  ana- 
logous to  a  shock  takes  place  when  the 
fluids  rush  together  from  a  distance. 
During  galvanic  action,  the  separation  of 
the  two  electric  fluids,  proceeding  with- 
out intermission  in  one  part  of  the  ap- 
paratus, and  their  reunion  l)eing  in  like 
manner  etfected  in  perpetual  sequence 
lilong  the  conducting  Ixxlies  which  com- 
plete the  circuit,  he  conceived  that  a 
continued  series  of  electric  shocks  took 
place  throughout  the  whole  line  of  con- 
ductors ;  a-condition  which  he  expressetl 
by  the  t*  rm  Electric  Conflict. 

(264.)  If  thi'se  views  he  correct,  it 
must  follow  that  the  electric  fluids, 
which,  whether  at  rest  or  in  motion, 
have,  when  isolated,  no  apparent  in- 
fluence on  magnetic  boihes.  acquire, 
during  their  conflict,  the  |H)wer  of  af- 
fecting these  bodies.  This  hypothesis 
was  expressed  by  Oersted  in  the  follow- 
ing wonls':  "  The  electric  conflict  acts 
only  on  themacrnelic  ^wrticies  of  matter. 
All  non-maffnetic  bodies  appear  pcne- 
itaJjle  by    the    electric  conflict,  while 


magnetic  bodies,  or  rather  their  mva^- 
netic  particles,  resist  the  passage  of  this 
conflict.  Hence  they  can  be  moved  by 
the  impet  a  of  the  contending  powers. 
It  is  sufficiently  evident  that  the  electric 
conflict  is  not  conflned  to  the  conductor, 
but  dispersed  pretty  widely  in  the  cir- 
cumjacent space. 

'*  We  may  likewise  collect  that  this 
conflict  performs  circles*;  for  without 
this  CO  dition,  it  seems  impossible  that 
one  part  of  the  uniting  wire,  when  placed 
l)elow  the  magnetic  pole,  should  drive 
it  towards  the  east,  and  when  placed 
above  it,  towards  the  west — (see  }  13, 
figs,  1  and  2) :  for  it  is  the  nature  of  a 
circle  that  the  motions  in  opposite  parts 
should  have  an  opposite  direction.  Be- 
sides, a  motion  in  circles,  joined  with  a 
progressive  motion,  according  to  the 
lenv:th  of  the  conductor,  ought  to  form 
a  conchoidal  or  spiral  line ;  but  this, 
unless  I  am  mistaken,  contributes  no- 
thing to  explain  the  phenomena  hitherto 
observed. 

•*  All  the  effects  of  the  north  pole 
are  easily  understood  by  supposing  that 
magnetic  electricity  moves  m  a  spiral 
line  bent  towards  the  right,  and  pro{)els 
the  north  pole,  but  does  not  act  on  the 
south  pole.  The  effects  on  the  south 
pole  are  explained  in  a  similar  manner, 
if  we  ascribe  to  positive  electricity  a 
contrary  motion  and  power  of  acting 
on  the  south  pole,  but  not  upon  the 
north*." 

(255.)  The  views  entcrtjnned  by  Oer- 
sted were  very  generally  adopted  by 
I-hilosophers  w'ho  prosecuted  the  path 
of  discovery  he  had  laid  open.  It  was 
the  prevailing  belief  that  electiicit}  in 
motion  had  magnetic  properties,  or 
rather  that  it  imparted  to  the  body  thai 
conducted  it  a  species  of  transverse 
magnetism.  Some  conceived  that  the 
action jrescmbled  that  of  a  serirs  of 
magnm  placed  aroimd  the  axis  of  the 
conductor,  at  riijht  angles  to  each  other, 
their  poles  being  situated  in  four  lines 
parallel  to  the  ax  s,  and  forming  a 
square,  as  represented  in/;^.  149,  which 

Fig.  149. 
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exhibits   a   seclivn    of    the   conducting 
wire,  and  four  niaynels  with  their  poles 

•  AnnnU  of  Pl.iU»!ii»|>hy,  vol.  xvl.  p.  ITO. 
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marited  fi,  s,  respectively,  succeeding;  (257.)  But  there  is  still  onedastrf 
each  other  in  a  regular  order  of  alter-  phenomena  which  the  hj^pothesis  mt 
nation  round  the  wire.  But  this  hypo-  are  considering  is  totally  inadequate  to 
thesis  cannot  be  a  faithful  representa-  explain ;  that  comprising  the  rotatoiy 
tion  of  the  phenomena ;  for  it  is  found  movements  either  of  magnets  or  of  coo- 
on  exiieriment  that  the  action  of  the  ductors,  and  which  movements  may  be 
conducting  wire  upon  a  magnetized  maintained  with  uniform  velocity  not- 
needle  is  exactly  the  same  in  every  part  withstanding  the  retardation  from  6ie- 
of  its  circun^erenee.  If  the  wire  be  tion.  or  the  impediments  of  a  resisting 
vertical,  for  instance,  its  effect  is  the  medium ;  exhibiting,  in  fact,  the  extra- 
same  in  all  azimuths,  and  has  no  rela-  ordinary  spectacle  of  a  really  perpetual 
tion  to  any  rectangular  planes  passing  motion.  The  supposition  of  s  series  of 
through  the  axis  of  the  wire.  magnets  encircling  the  conducting  wire 

(256  )  With  this  correction,  the  hypo-  will  not  account  for  this  continued  mo- 
thesis  that  a  conducting  wire  acts  as  if  tion ;  for  it  is  certain  that  no  actual 
a  series  of  minute  ma^ets  were  placed  combination  of  magnets,  nor  even  any 
in  succession  round  its  circumference,  conceivable  arrangement  of  magnetic 
with  their  opposite  poles  facing  each  particles,  could  ever,  consistently  with 
other,  will  account  for  a  large  class  of  the  known  laws  of  magnetic  action, 
phenomena.  It  explains  why  a  com-  produce  any  approach  to  perpetual  ro- 
pass  needle  assumes  its  peculiar  position  tation.  In  ^rder  to  obtain  such  move- 
at  right  angles  to  the  axis  of  the  wire,  ments,  the  agent  from  which  the  force 
in  obedience  to  the  directive  influence  of  emanates  must  itself  tie  in  motion,  and 
that  particular  portion  of  the  imaginary  must  revolve  round  the  axis  of  the  wire, 
series  of  magnets  which  is  the  nearest  to  while  traversine:  it  from  end  to  end.  with 
the  needle,  see /ig.  150;  and  also  the  the  utmost  rapidity.  Such  was  thep^ 
mutual  attraction   between  the  needle    ciiliar  kind  of  movement,  ]iartly  loneilu- 

dinal,and  partly  circular,  which  Dr.Wu!- 
laston  attributed  to  the  electro -mairnetie 
agent,  and  which  he  termed  its  verti- 
ginous motioru 

(258.)  A  further  emendation  must, 
therefore,  be  made  in  the  hyjwtheMsin 
order  to  adapt  it  to  the  phenomena,  by 
supposing:  that  the  two  nia^nt-tic  fluiJi, 
which  accompany  the  eJeolric  fluids, 
,  4,        •  1     41  X  when  the  latter  are  set  in  motion,  ami  in 

and  the  wire  under  these  cnx.i..nslances  ^  „„,p  of  confticf.  (if  we  choose  to  »Jo^ 
It  also  explains  the  other  fundamenta  ,he  phraseology  of  Oersted.)  acquire  » 
fact  in  the  science ;  namely,  the  mutual  rertiginom  motion  in  opposite  diwc- 
actions  exerted  between  two  conducting  ,;„„,  transversely  to  the  axis^ of  the  eon- 
wires  :  for  when  tlie  cum-nts  are  passing    j„<,tor ;  that  is.  the  boreal  fluid  revdfinj 

-.  trTJrT"']-'?  u"'  "'r  "I-*"  i"  one  direction,  and  the  austral  «o5 
as  m  A  and  H,  J,g.  lo  1 .  the   polarities     ;„  ,he  other;  these  determinations  beiw 

^'V-  1^1-  criven  to  them  by  the  direction  in  which 

^  ^  J^  V  "y^^  *^®  electric  fluids  are   moving  in  the 

**^T;\-^    ^•^A^-^    •*'/#>^'  conductor,  dependent,  of  course,  upoB    1 

'I      Qi    n    r     ^   "I    r    ^      r  ^^e  relative  positions  ©f  the  poles  of  the    | 

J      ^     .vl    U    ^    s\    \s     ^      \n  voltaic  apparatus  from  which  they  pro-    I 

'\   /^'   -fN.    /^'  «\   ^-f  ceed.    There  will  result  from  this  peca*    ' 

'"     ^  '^   •*■  -^  '^  liar  kind  of  movement,  not  only  Jl  tl< 

of  the  niinn'e  majrnets  on  the  sides  adja-  effects  that  we  have  just  seen  to  be  the 

cent  to  one  another  will  be  reversed,  and  consequence    of    quiescent    circles  of 

they  will  consequently  attract  one  an-  magnets,  but  also  those  of  a  rotatoiy  ' 

other.    The  contrar)' will  happen  when  nature,  which  nothing  but  an  agent  ii   j 

the  currents  are  passing    in   opposite  motion  could  produce.    The  tansieotiil 

directions  in.  the  Iwo  wires,  as  in  A  and  action  of  a  conductor  upon  a  magnet  ii   ■ 

(-) ;  for  then  the  polarities  of  the  mag-  a  necessary  consequence  of  the  titttf- 

nets  belonging  to  each,  which  are  ad-  verse  motions  of  the  magnetic  flokliii 

joining  to  each  other,  are  the  same  in  the  conductor;  and  the  rotation  of*  ! 

kind,  and,  therefore,  repulsive  of  each  magnetic  pole  round  that  conduct(v.<r 

«fher.  conversely,  the  revolutions  of  the  «► 
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diictor  round  a  niairiiet,  are  phenomena 
also  naturally  result ine^  from  the  verti- 
ginous circulation  of  the  two  fluids. 

(259.)  The  mutual  attractions  and  re- 
pulsions of  parallel  conductors,  are  at 
nnce  referred,  as  in  the  former  case,  to 
th^  action  of  parallel  magnets  having 
their  poles  in  the  same  or  in  opposite 
directions.  If,  for  example,  the  electro- 
magnetic current  be  moving  in  the  same 
direction  in  two  parallel  conducting 
wires,  the  stream  of  austral  magnetic 
fluid  belon^ng  to  one  wire  will  be  flow- 
ing in  the  same  direction  as  the  boreal 
magnetic  fluid  belonging  to  the  other 
wire,  in  that  part  which  is  adjacent  to 
it ;  and,  onHhe  other  hand,  the  direction 
of  the  boreal  fluid  of  the  former  will  co- 
incide with  that  of  the  austral  fluid  of 
the  latter  wire,  in  the  adjacent  part. 
Accordinj^  to  the  known  laws  of  mag- 
netic action,  attraction  must  be  the 
result  of  such  a  state  of  things ;  for  the 
fx>real  and  austral  fluids  attract  one  an- 
other. If  VV  and  w,  fig,  152,  represent 
sections  of  the  conducting  wires  m  both 
of  which  the  current  of  positive  elec- 
tricity is  descending,  the  arrows  in  the 
circumference  of  the  outer  dotted  circles 

Fig,  152. 


^\P  9^k\ 


A  A,  will  point  out  the  directions  in 
which  the  austral  magnetic  fluids  cir- 
culate on  the  surface  of  the  wires ;  and 
those  on  the  inner  circles  B  B,  the  di- 
rections in  which  the  boreal  fluids  cir- 
culate, and  it  will  be  seen  that  in  the 
parts  p  and  q,  when  they  are  nearest  to 
each  other,  the  austral  fluid  in  the  one 
is  moving  in  the  same  direction  as  the 
boreal  fluid  in  the  other,  and  we  may, 
therefore,  expect  that  they  will  attract 
each  other. 

(260.)  If  the  electric  currents  be 
moving  in  contrary  directions  in  the 
two  wires,  as  represented  in  a  similar 
manner  iny^.  153,  opposite  effects  will 

Fig   153. 
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result ;  for  in  that  case  both  the  streams 
of  austral  fluid  are  moving  in  the  same 
direction  in  the  adjacent  parts  of  the 
wires,  and  must  consequently  repel  one 
another;  and  the  same  thing  happens 
with  regard  to  the  streams  of  boreal 
fluid,  which  flow  in  the  contrary  direc* 
tion  to  those  of  the  austral  fluid. 

(261.)  Such,  then,  is  the  hypothesis 
that  has  been,  after  proper  emendations, 
made  to  correspond  with  the  pheno- 
mena, and  which  may  be  assumed  as  a 
correct  representation  of  them.  It  must, 
at  the  same  time,  be  admitted  to  be  an 
exceedingly  strained  and  artificial  hy- 
pothesis, at  variance  with  the  analogy 
of  all  other  physical  forces,  and  repug- 
nant to  our  ideas  of  that  simplicity 
which  seems  to  pervade  all  the  opera- 
tions of  the  material  world.  All  other 
known  accelerating  forces,  emanating 
from  a  certain  point,  and  exerted  upon 
another  point,  act  in  the  direction  of  the 
line  joining  these  two  points.  Such  is 
the  case  with  the  electric  and  with  the 
magnetic  actions,  in  all  the  cases  that 
belong  exclusively  to  the  one  or  the 
other  of  these  two  classes  of  phenomena. 
When  two  conducting  wires,  l>ent  into 
helices,  act  upon  one  another,  which 
they  do  in  a  manner  that  imitates 
very  exactlv  the  mutual  action  of  two 
magnets,  tne  action  is  purely  electri- 
cal, and  is  exerted  in  the  lines  of  di- 
rection that  ioin  the  acting  points. 
The  same  is  the  case  with  two  magnets, 
when  magnetism  alone  is  concerned. 
But  when  a  helix  and  a  magnet  act 
upon  one  another,  and  present  the  very 
same  phenomena  as  in  either  of  the  pre- 
ceding cases,  the  theory  assigns  a  tan- 
gential direction  to  the  forces  then  called 
into  operation.  That  a  mode  of  action 
which  is  simple  and  intelligible  in  the 
case  of  actions  either  purely  electric  or 
purely  magnetic,  should  be  so  suddenly 
and  so  completely  chan^d  when  the 
electric  and  magnetic  fluids  act  mutu- 
ally upon  one  another,  would  be  a 
strange  and  scarcely  conceivable  ano- 
maly in  physical  science. 

(262.)  We  may  avoid  all  these  diffi- 
culties by  adopting  the  theory  of  electro- 
magnetism  devised  by  the  genius  of 
Ampere,  and  ably  supported  by  his 
mathematical,  in  conjunction  with  his 
experimental  researches.  Of  this  theory 
we  shall  proceed  to  give  nn  account. 

{  2.  Electro-Dynamic   Theory  of 
Ampere. 

(263.)  The  phtnoniena  relating  to  the 
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science  of  eledro-magnetism  may,  as  we  ments  detached  from  a  malefic  bar  ue 

have  seen,  be  reduced  to  three  classes,  themselves  complete  ma^ets,  the  elec- 

cr  eenerai  facts:  the  first  being  the  evo-  trie  currents,  from  which  it  derives  iu 

lution  of  a  tangential  and  rotatory  force  properties,  must  be  conceived  as  circu- 

usually  exerted  l)etween  a  conducting;  lating  round  each  of  these  fragments 

body  and  a  magnet;   the  second,  the  separately,    or   rather  round   particles 

transverse  induction  of  magnetism  by  smaller  than  any  that  can  be  obtained 

the  former  in  such  bodies  as  are  suscep-  by  mechanical  diviftlon.     Each  particle, 

tible  of  receiving  it ;  and  the  third,  the  or  maufnctic  element,  mny  be  regarded 

attractive  or  repulsive  force  exerted  be-  as  constituting;  a  voltaic  circuit,  analo- 

tween  two  electric  currents  traversing  gous  to  a  voltaic  pile  of  which  the  two 

different  conductors.    In  the  magnetic  .ends  are    united    by    conductors;  the 

theory  already  discussed,  the  first  of  vitreous  and  the  resinous  electric  fluid* 

these  is  considered  as  being  the  most  being  separated  at  one  point  of  the  cir* 

general  fact,  and  the  other  two  as  being  cuit,  circulating  in   contrary  direclioni 

merely  its  consequences.    Ampere,  on  round  the  particle,  until  they  meet  toge 

the  contrary,  assumes  the  last  of  these  ther,  and  tW  their  reunion  agi^n  fonnuu; 

facts— that  is,  the  mutual  attractions  and  the  neutral  fluid.    The   course  of  ih« 

repulsions  of  electric  currents,  as  the  fluids  during  this  circulation  is  repre 

Cnmary  or  fundamental  fact,  to  which,  sented  in  fg.  154  ;  V  and  R  denutinz 

y  the  help  of  a  particular  hypothesis  respectively  the  paths   of  the  vilreoii.« 

as  to  the  constitution  of  magnets,  all  and  resinous  electricities  emanating  from 

the  other  facts,  not  only  of  electro-mag-  the  point  £  in  the  particle  of  iron  P, 

net  ism,    but  of  magnetism  also,    are  and  flowing  in  the  directions  iodicat«tI 
reducible.  jpig,  154. 

(264.)  His    supposition  is,  that    all  jg 

bodies  that  possess  magnetic  properties,  /'"I^^"^ 

the  globe  of  the  earth  being  included  V  f  j^^^k\^^ 

among  the  number,  derive  those  proper-  |  [  '^S^B   )  I 

ties  from  currents  of  electricity  contmii-  \  \    wH^  J  r 

ally  circulating  amontr  the  parts  of  which  v^^^/^ 

they  are  composed,  and  having,  with  re-  — 

lation  to  the  axes  of  these  bodies,  one  by  the  arrows,  till  they  meet  and  coi 

iini for tn  direction  of  revolution,  in  planes  Icsce  on  the  opposite  side.    Buta<«i!i? 

l)erpentlicular  to  those  axes.  effects  of  the  one  fluid  are  exactly  the 

(265.)  The  striking  resemblance  which  reverse  of  those  of  tlie  other,  the  nesul? 

exists   l)etween  the  action  of  ma^ets,  is  equivalent  to  the  continued  eircula- 

and   that  of  electro-dynamic  cyhnders  tion  of  one  of  the  fluids,  the  vitre.u<. 

already  described,  and  which   extends  for  example,  in  one  constant  direction, 

through  a  wide  range  of  phenomena,  EV  PR. 

very  naturally  suggested  the  hypothesis        (267.)  A  magnet,  then,  is  to  be  con- 
on  which   this  theory  is  founded;   for  sidered  as  composed  of  an  asseroblaze  of 
since  the  circular  currents  in  the  lalter  paiallel  filaments,  each  of  which  Ls "con- 
are  observed  to  produce  effects  similar  stituted  by  a  series  of  particles,  rounl 
to  magnetic  polarity,  it  is  but  an  exten-  which  electric  currents  are  circulatins;  in 
sion  of  the  analogy  to  consider  a  magnet  the  manner  just  described,  all  of  Uiem 
as  derivine  its  properties  from  similar  flowing  in  the  same  direction  with  re- 
currents  continually  circulating  in    its  ference  to  the  axis  of  the  filament,  an>1 
substance.  moving  in  planes  perpendicular  to  that 
(266.)  In  the  account  we  have  given  axis.    That  extremity  of  the  filament  in 
of  magnetism   it   will  be  seen  that  the  which,  when  uppermost,  the  current  j^ 
phenomena  attending  the  fracture  of  a  positive  electricity  is  moving  in  adirec- 
magnet  oblige  us  to  consider  magnet-  tion  similar  to  that  of  the  hands  of  s 
ized  iron  as  an  aggregate  of  small  par-  watch  (the  dial  of  which  is  also  upper- 
tides  of  iron,  each  of  which  has  the  pro-  most),  has  the    properties   of  a  south 
oerties  of  a  separate  magnet  (see  Mao-  magnetic  pole,  and  vice  versa.    Iftlw 
ISM.  §141).     In  like   manner,  the  filament  be  placed  horizontally,  its  nonh 
^hcsis  just  stated,   relative  to  the  pole  pointing  to  the  north,  then  the  cu^ 
^tion  of  electric  currents  in    the  rents  on  the  western  side  are  ascending, 
nee  of  a  magnet,  must  receive  a  pass  from  west  to  east  in  the  upper  sur- 
r  modification  to  that  given  to  the  face,  descend  on  the  eastern  side,  and 
of  magnetism.    Since  the  frag-  return  from  east  to  west  in  the  lower 
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part.  This  is  shown  in  fig.  155,  which 
represents  one  ot  these  elementary  mag- 
netic filaments,  the  eastern  side  being 
presented  to  the  spectator. 

Vig.Vo'o, 


(268.)  These  currents  which  exist  in 
each  particle  of  a  magnet,  may  there- 
fore hie  considered  as  constituting  closed 
circuits  (see  }  232),  the  effects  of  which 
on  all  bodies  exterior  to  the  circuit  will 
depend  on  the  difference  between  the  ac- 
tions of  the  nearest  and  the  most  remote 
parts  of  the  circle  described  by  the  cur- 
rent The  united  effects  of  a  great  num- 
ber of  these  circular  currents  will  almost 
entirely  depend  on  those  parts  of  the 
current  which  occupy  the  exterior^ sur- 
face of  the  mass. 

(269.)  Thiis,  supposing  the  maj^net 
to  be  cylindrical  in  its  shape,  and  its 
section  shown  in  fig,  156,  to  consist  of 
the  sections  of  each  of  its  component  fila- 
ments a,  6,  c,  </,  &c.,  and  round  each  of 

Fig.  156. 


stitute  an  exact  comparison  between  the 
action  of  a  magnet,  and  that  of  an  artifi- 
cial assemblage  of  electric  currents  simi- 
lar to  that  which  is  supposed  by  the 
theory  to  exist  in  the  magnet,  our  imi- 
tation must  be  made  by  collecting  toge- 
ther a  great  number  of  similar  helices, 
in  parallel  directions,  and  uniting  them 
in  one  mass.  Such  an  arrangement  is 
called  by  Ampere  an  Eleciro^ynamic 
Solenoid*, 

(271 .)  The  tendencies  which  a  magnet 
and  conducting  wire  have  to  place  them- 
selves in  positions  at  right  angles  to 
one  another,  was  deduced  from  the  elec- 
tro-magnetic theory  as  a  consequence 
of  the  supposed  transverse  situation  of 
magnetic  fiuids  resulting  from  the  elec- 
tric conflict — that  is,  accompanying  the 
movements  of  the  electric  fiuids.  In 
Ampdre's  theory  the  transverse  direc- 
tion of  the  action  is  ascribed  to  the 
transverse  movements  of  the  electric 
currents  in  the  magnet  itself,  which  act 
upon  the  current  in  the  conductor,  and 
are  also  acted  upon  by  that  current,  and 
tend  constantly  to  establish  a  parallelism 
between  them.  Thus,  since  the  currents 
in  the  magnet  N  S,  fy.  157,  move  in 
planes  perpendicular  to  the  axis  of  the 
magnet,  their  action,,  being  in  those 
planes,  is  transverse  to  the  axis,  and 
tends  to  bring  a   straight  conduct ing- 

Fig,  157. 
P 


which  electric  cuirents  are  circulating  in 
the  directions  indicated  by  the  arrows,  it 
18  evident  that  the  currents  of  all  the 
interior  parts  will  nearly,  if  not  exactly, 
compensate  one  another,  and  that  their 
•ction  will  be  neutralized.  But  the  cur- 
rents that  pass  near  the  circumference 
are  differently  circumstanced,  inasmuch 
as  they  are  not  compensated  by  any 
others;  and  their  action  is,  therefore, 
fully  exerted  on  the  bodies  that  are  near 
Ihem,  and  is  equivalent  to  that  of  a 
single  circular  current  fiowing  uniformly 
round  the  circumference,  f>,  p,  J9,  of  a 
circumscribing  circle,  in  the  same  direc- 
tion. Hence,  in  estimating  the  effects 
of  the  whole  assemblage,  we  may  con- 
fine our  attention  to  that  of  a  superficial 
current. 

(270.)  It  is  obvious  that  in  order  to  in- 
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wire,  PQ,  into  the  transverse  position 
represented  in  the  figure,  in  which  the 
direction  of  the  current  of  the  conduc- 
tor is  parallel  to  that  of  the  current  in 
the  nearest  {)art  of  the  magnet.  On  the 
other  hand,  if  the  wire  be  fixed,  and  the 
magnet  moveable,  the  forces  will  tend 
to  bring  the  plane  of  that  current,  which 
occupies  the  middle  of  the  magnet,  into 
such  a  position  as  may  include  the 
straight  conductor ;  and  as  the  axis  of 
the  magnet  is  pei^itndicular  to  that 
plane,  so  also  must  it  be  at  right  angles 

*  Tbenm  des  PMoomfnes  ElflctT<MljiiAniqtM«« 
p.  96. 
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to  the  iriK  vhicli  *Ha  upon  H.    When    whidi  Uw  eonduetiiigf  wires  or  the  bu^ 
'he  mi(K°ct  and  wire  have  attuned  thii     nets  are  imnKned. 


(27*.)  This  ii  exemplified  in  the  toU 

lowing  amuiKement  re;{reMiited  in  Jfg. 

13B,  where  tne  Dent  wire,  proceeding 

Rg.  ISS. 


tcUtive  pmition,  it  ii  evident  Ihal,  li 
the  adjuent  current!  more  in  the  *aate 
direction  in  both,  an  attraction  will  take 
place  tietween  them.  All  thii,  oi  we 
have  eeen.  is  in  perfect  accordaoce  with 
the  obaerved  phenomena. 

(272.)  It'll  unneceuary  to  pursue 
the  applieation  of  this  theory  to  the 
endle**  nriely  or  cases  of  the  mutual 
aelwas  of  mx^ets  and  conducting 
bodies,  because,  havini;  already  fully 
cone  into  tiK  details  oF  the  explanation 
which  is  alTorded  of  these  facts  by  the 
principle  of  a  tHngeniial  force  ema- 
nating from  both  these  agents,  it  will 
necessarily    foliow    that   they    are    all 

equally  explicable  on  the  eleetro-dyna-     ,  ,  _ 

mic  theorf,  if  it  be  once  proved  that  from  the  positive  cup  P.  lerminales  in. 
the  basis  of  the  fbrmer  theory,  namely  *'**'  P°'"'  '""'  «  "^^  '<*  d'P  mlolhe 
the  tangential  fbree,  is  itself  a  direct  f]:':!;!?^  :.''L*.Ti!!!!l'*'.°i '^"'' """ 
consequence  of  the  latter.     Now   thii 


has  already  been  established  experi- 
mentally by  the  phenomena  exhibited 
by  the  helices  and  electro. dynamic  cy- 
linder* Jeicribed  in  a  former  Chapter, 
$  lo;,  and  the  same  has  also  been  de- 


tained in  the  vessel  A  E 
of  which  a  magnet,  M,  is  bept  floalins 
in  a  perpendicular  position  by  being 
loaded  with  a  weight  of  platina  at  the 
lower  end.  A  ring  of  copper  is  placed 
the  surface  of  the  mercury,  from  the 


duced  from  theory,  according  to  what  ^^^  .°f  "'■I'lh  proceeds  a  wire,  which 
was  slated  in  j  249.  It  has  been  shown  terminates  in  the  cop  N.  Ttie  elfcinc 
that  the  same  taneential  force  rwults  current,  in  parsing  from  the  aleel  p*inr 
IVijm  the  heliacal  disposition  of  the  cur-  "  '"e  nng  of  copper,  traverses  the  nier- 
r.'nt,  whatever  l>e  the  position  of  the  ■*"'>'■  ™aiiting  from  that  point  ai  frum 
axis  of  the  helix  relatively  to  the  con-  »  c^,"'.«-  ^"'^  consequ«i!ly  civins  » 
duL-tor  on  which  it  acts.  We  are  war-  "^'OlvLnE:  ten.lcncy  to  the  c'jrrcnis  in 
ranted,  therefore,  in  transferrin?  this  ""*  magnet  below  them.  The  maemt 
conclusion  to  the  action  of  the  cireular  ""'*'"■  'I'^^e  circumslances,  revolve*  un 
currents  assumed  as  enisling  in  mag-  't»  axis-  Asimilar  eff«:t,  but  in  a  eon- 
nets,  and  as  being  the  sole  soiurce  of  ''^■7  direction,  takes  jilace  when  tli( 
tlieir  activity.  course  of  the  electric  slreain  is  reverseu. 
(273.)  Guided  bv  these  principles,  ^1"^  '"  "ade  to  traverse  ihe  mercury 
n«  lin<l  no  difficulty  in  explaining  Ihe  ""•""  '"«  copper  nag  towards  the  stm 
plien  >meiia  of  revolving  motions  so  PP'"I>  producing  convergins;  instead  d 
frequently  resullini;  from  the  mutual  Q"erginR  currents-  The  ftiplanation  of 
a<-lion8  of  masnets  and  conducting  Ihesephenomena is  oi'vious,  frjm wti_^ 
wires ;  and  which  take  place  in  exactly  " 


tro-dynamic  cylinders  are  substituted 
for  the  magnets.  It  is  instructive,  how. 
ever,  to  examine  the  particular  cases 
we  have  already  civeii  in  exemplification 
of  the  rotatory  tendency  arising  from  a 
tangential  force,  liy  apjilying  to  them 
the  more  general  jirinciples  of  eleotro- 
dyiiamio  action,  in  many  instances  it 
will  be  found  that  the  rotatory  motions, 
althotigli  in  part  prodiio'd  by  the  action 
of  the  currents  iff  the  magnet  upon  the 
current  in  the  straight  tvire,  arc  also  in 
a  still  in'Calei'  exti-nt  dependant  un  the 
nftuence  of  those  portions  of  the  cur- 
»nt  that   traverse   l\\e  mercury   into 


has  been  said  in  f  -203,  '204.     For  let  M 

I  Jfe.  lS9,be  one  of  ;he  currents  at  thi 

Pig.  159. 


I     m(T>'    j 


iipfier  end  of  the  magnet,  and  C  D  (w 
of  the  diverging  currents  ;  the  aclioaof 
Ihe  portion  E  D  will  be  to  produce  » 
revolving  motion  of  the  magnet  in  thi  " 
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dinction  m  E  M,  becauM  the  current  to  obtain   Ihe  revolution  of  a  mamMt 

iti  m  is  ktlracted,  and  that  in  M  repelled  round  its  own  axis,  eillier  by  Ihe  aetion 

by  (he  current  in  E  D.  at  other   mn^ets,   or    by   that   of    an 

(375.)  If  Ihe  point  P  were  inserted,  electric  current,  which  traverses  neither 
not.  as  before,  in  the  centre  of  the  fluid  the  magnet,  nor  a  body  that  is  so  fixed 
ebove  Ihe  magnet,  but  to  one  side  of  it,  to  it  as  to  move  alone  with  il.  Tliia  U 
(he  action  of  the  currents  would  l>e  a  direct  consequence  of  the  law  derived 
more  complicated,  some  being  altrac-  from  the  eleclro-dynamic  theory,  that 
tive  and  others  repulsive,  according  to  the  mutual  action  of  two  closed  circuits 
their  siliiationa  relative  to  Ihe  miuniet.  cannot  produce  in  one  of  these  circuits 
The  resultant  force  will  be  one  at  right  a  eontinufd  rotatory  motion  in  one  coti- 
ant^les  to  Ihe  bne  joining  the  centre  of  atani  direction;  for  it  is  evident  that  if 
ladiation  with  the  axis  of  Ihe  masnel,  this  be  Irue  with  regard  to  Iwo  single 
and  Ihe  effect  of  this  force  will  be  a  currents,  it  must  also  be  true  with  re- 
motion  of  Iranslalion  of  the  whole  mag-  gard  to  any  assemblages  of  aucli  closed 
net ;  that  is,  of  revolution  round  a  line  currents,  in  whatever  way  they  may  be 
liarallel  to  its  axis,  and  exterior  to  its  arranged.  The  ulmo^t  lW  can  result 
aurrnce.  is  a  tendency  in  one  of  them,  if  move- 

!2r6.)   The  presence    of   transverse  able,  to  assume  a  iixed  position  of  equi- 

ciirreiils  in  every  part  of  the  surfaces  of  libriiim ;  if,  therefore,  the  system  be  lo 

ina^iiela  is  well  illustrated  by  their  con-  consliluted    that    it    can   oidy   revolve 

joined    influence,   when   a   number    of  round  an  axis,  about  which  the  circuits 

niacnets  are  placed  liorizonlally,  as  in  composing    it    are     aymmelrically    ar- 

ftg.  160.  like  the  spokes  of  a  wheel,  with  ranged,  it  will  acquire  no  motion  what- 


'liwir  similar  poles  turned  towards  the 
Fig. 


VaMM    c    HiiXiH 


either  of  a  single 
dosed  circuit,  or  of  an  assemblage  of 
such  circuits.  A  magiiet  susceptible  of 
DO  other  motion  than  rotation  round  ill 
mis  is  in  this  condition ;  and  hence,  if  it 
derive  its  magnetic  properties  from  elec- 
trical currents,  it  must  be  impossible  tu 
produce  in  it  such  a  rotation  by  the. 
action  of  other  magnets. 

(279.)  On  Ihe  other  hand,  a  detached 
portion  of  a  voltaic  circuit  moveable  on 
an  nxiathal  coincides  with  that  of  a  mac 
net  may  be  set  in  motion,  and  made  lo 
revolve  by  the  action  of  the  closed  cur- 
rents, in  the  magnet  itself.  Thus  let 
V  V,  fig.  161,  represent  a  section  of  a 
voltaic  pile,  with  its  positive  and  nega- 

centreC.    In  this  silualion  all  Ihe  cur-  Ft^.lGI. 

rents  on  Ihe  upper  sides  of  the  magnets 

are  passing  in  Ihe  same  direction  with 

reference  lo  the  circumference  of  circles 

described  from  the  cent  re  C.    They  will 

therefore  produce  continued  rotation  in 

a  verticid  conductor,  whose  axis  passes 

through  that  centre,  but  is  terminated— 

that   IS,   does  not   extend  beyond   that 

side  of  the  plane  in  which  the  magnets 

are  situated. 

(277.)  The  theory  of  Amp4re  would 

lead  to  the  conclusion  that  no  mecha- 
nical arrangement  of  the   parts   of  an 

electro- magnetic    apparatus    can    give  ,.       ,        ■. 

rise  to  rotatory  movements,  unless  fluid     live   wires.  W,  w,  j-rocceding  from  it< 

conduclorsform  some  part  of  theviJtaic     two  poles,  and  inserted  inlo  the  cups  P 

circuit;  and  acrordingly  no  attempt  (o     and   N   respectively;   the  former  being 

obtain  practically  such  raovemenis  has      placed  st  Ihe  top  of  an  arch  of  wire,  ot 

ever  been  successful.  which  Ihe  two  branches  descend  on  eacli 

(878.)  It  is,  accordingly,  impoasible    side,  and  terminate  under  the  surface  o' 
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a  quantify  of  mereiiry,  containeJ  in  (he 
vessel,  also  seen  in  section ;   and  the 
Utter  being  at  the  end  of  a  wire  pro- 
ceeding from  the  lower  part    of    the 
vessel,  and  in  contact  with  the  merciuy ; 
while  a  magnet  is  omde  to  float  in  an 
upright  position  in  the  axis  of  the  vessel, 
by  a  weight  of  platina  fixed  to  its  lower 
end.    The  magnet,  it  will  he  spen,  being 
unconnected  with  the  wires,  forms  no 
part  of  the  voltaic  circuit,  and  remains 
unmoved  by  it;   yet  it  excites  move- 
ments in  the  conductors  which  surround 
its  upper  portion.    For  since,   in  the 
parts  C  ana  D,  the  currents  of  the  wires 
are  approaching  those  of  the  magnet, 
they  will  be  impelled  (see  $  200)  to  turn 
round  it  in  a  direction  opposite  to  that 
of  the  currents  in  the  magnet :  a  reac- 
tion is  at  the  same  time  exerted  by  the 
currents  of  the  wires  upon  those  of  the 
magnets,  which  therefore  tend  to  move 
the   ma^piet  progressively ,  or    in  the 
same    direction   as  its   own  curi'ents. 
($  203.)    But  the  currents  which  pass 
from  the  lower  ends  of  the  wires  through 
the  mercury  to  the  exterior  of  the  ves- 
sel, recede  from  the  magnet,  and  tend 
to  impress  on  the  mercury  a  motion  of 
revolution  in  the  direction  of  the  mag- 
netic currents;  and,  consequently,  by 
the  reaction  of  this  force  the  magnet 
receives  a  tendency  to  revolve  in  the  op- 
posite direction.    The  two  forces  result- 
mg  from  these  contrary  tendencies  of 
the  descendins;  and   the  receding  cur- 
rents, oppose  and  partly  destroy   each 
other,  as  far  as  regards  their  effect  on 
the  magnet;  and  when  the  rotatory  etfects 
of  the  whole  of  the  remainino;  part  of 
the  current  composing  the  whole  cir- 
cuit, and  including  that  of  the  pile  itself, 
and  its  two  wires,  W  and  w,  are  taken 
into  account,  the  compensation  becomes 
complete,  and  the  total  effect  reduced  to 
nothing.     Hence  we  see  that,  although 
the  wires  are  made  to  revolve  in   one 
direction  and  the  mercury   in  another, 
the  magnet  itself,  being  acted  upon  by 
equal  and  contrary  rotatory  forces,  and 
unatUched  to  any  part  of  the  ctrcuit, 
i*ennr;iins  perfectly  unmoved. 

(280.)  But  the  case  is  altered  if  the 
magnet  be  so  connected  with  the  appa- 
ratus of  the  wires  as  to  form  a  part  of 
the  circuit,  even  for  a  portion  only  of 
the  current ;  for  that  portion  of  the 
current  which  thus  passes  through  the 
magnet  no  longer  exerts  upon  it  any 
rotatory  tendency,  and  may,  therefore, 
he  considered  as  suppressed :  and  since 
the  action  of  this  pi>rl\on  ^ixwcW^  eovvu- 


terbalanced  the  equal  and  opiionte  aetiaii 
of  the  remainder  of  the  chreuit,  that 
equilibrium  can  no  longer  tubast,  when 
this  portion  is  removed,  and  the  remain- 
der of  the  current  becoming  effective, 
will  produce  a  rotation  of  the  mai^et  on 
its  own  axis.  The  direction  of  this  rota- 
tion will  be  the  same  as  that  of  the 
descending  wires;  hence  the  mai^net 
may  be  connected  with  these  wires, 
without  altering  the  nature  of  the  action, 
as  in  the  experiment  of  Mr.  Faraday, 
described  in  §  76. 

(281.)  It  follows,  also,  from  the  prin- 
ciples of  Ampere's  theory,  that  when 
the  moveable  portion  of  the  circuit 
which  is  attached  to  the  magnet  has 
both  its  extremities  in  the  axis,  no  mo- 
tion of  this  kind  will  take  place ;  because 
no  action  can  result  between  a  system 
of  closed  currents  and  another  current 
terminating  at  \xAh  extremities  in  the 
axis  of  the  system. 

(282.)  The  theory  of  Ampdre  implies 
a  perfect  identity  in  the  mode  of  action 
of  a  magnet  and  of  an  electro-dynamic 
cylinder.  A  remarkable  difference, 
however,  has  been  observed  between 
them.  In  the  electro- dynamic  cylinder 
the  poles  are  situated  at  the  very  extre* 
mities  of  the  cylinder ;  whereas,  in  ordi- 
nary magnets,  they  are  always  found 
to  be  nearer  to  the  centre  than  thf 
ends  ;  the  distance  varying  in  different 
magnets.  This  circumstance  was  hivj: 
considered  as  invalidating  the  truth  of 
the  theory*.  It  may,  however,  be  ex- 
plained consistently  with  the  hypothesi*!, 
in  two  ways;  either  by  supposing  that 
the  intensities  of  the  currents  gradually 
diminish  from  the  middle  to  the  extre- 
mities ;  or  else  by  assuming  that  they 
acquire  a  degree  of  obliquity  when  at 
a  distance  from  the  centre  of  the  magnet ; 
that  is,  that  they  move  in  planes  which 
are  not  exactly  j^erpendicular  to  the 
axis  of  the  magnet,  but  differently  in- 
clined in  different  parts.  These  effects 
are,  indeed,  not  only  quite  consistent 
with  Ampere's  hypothesis,  but  follow  as 
the  natural  consequences  of  the  esta- 
blished laws  of  electro-dynamic  action  t. 
These  positions  of  the  different  cur- 
rents, according  to  their  positions  reU- 
tive  to  the  axis,  will  be  best  understood 
fromy?^.  162,  which  represents  a  longi- 
tudinal section  of  a  magnet  by  a  plane 
passing  through  the  axis  ;  the  direotions 
of  the  currents  being  marked  by  short 

*  Tlr.s  wa»  iir^ed  as  an  olij«*cti«in  tj  Mr.  FArsdtt, 
111  the  Qii.tii<>r]>  Joarnal  of  bcieoci*,  vol.  xii.  p.  76. 
\  AmiH're,  R<fcU(>i1,  &c.  pp.  Sd7  and  340. 
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arrows.     T^.e  elementary   currents   of    the  particles  of  the  magnetised  body  or 
tliose^rticles  of  the  mairnet  which  are    in  tfie  magnetic  elemSts,  asth^Le 

hne  X  y' w  n'o?"'' *^'*  "'  "*"^/H    ^"  ^^^'  ("^  Magnetis"  7i54, 
ne  X  Y,  will,  of  course,  on  account  of    there  are  two  suppositions,  either  o 

the  symmetry  of  the  fi^re.  move  in    which  wUI  account  fir  this  phenomenon 

fc'hn^'P^^^r'''  *?  !^"i  *'*l;   "'    The  first  is.  that  electric  cuStjntsTwSSh 
also  those  m  the  medial  plane  M  m.    did  not  before  exist,  are  produced!Vf 

Fig.  162.  called  into  action,  by  the  influence  or 

(»I  another  current  in  the  vicinity.    The 

^  4  4'i  i  >^  4  \\\\\\  \  \~\  second  hypothesis  is,  that  the  electric 

currents  pre-exist  in  all  the  particles  of. 
iron,  or  other  bodies  susceptible  of  mair- 
netism  previous  to  their  acquiring  this 
property,  but  without  having  any  uni- 
form direction;  under  these  circum- 
stances, their  actions  upon  any  external 


X 


WW  \\\\  ^  i^  4*  ^  / 


passing  throiigh  the  centre  of  the  mag-  body  counteract  and  balance'  one  an^ 

net.     But  with  regard  to  the  currents  other,  so  as  to  constitute  the  neutral 

nearer  to  the  surface,  they  will,  by  the  »*a<e-    When,  on  the  otlier  hand,  they 

action  of  the  interior  currents,  be  turned  &>^  under  the  influence  of  an  external 

towards   the    middle   of  the    magnet,  electric  current  of  sufficient  power,  they 

while  those  parts  of  the  same  currents  <l>«  aH  turned  by  it  towards  the  same 

that  are  nearest  to   the  axis  will   be  (|uarter,  and  assume  a  common  direc- 

repelled  from  the  middle  towards  the  <»«" ;  they  will  now  co-operate  in  their 

adjacent  extremity ;   and  the  planes  of  action  upon  external  bodies,  and  exhi- 

their  inclination  will  therefore  be  more  bit  magnetic  properties.    This  change  is 

or  less  inclined  to  the  axis,  as  they  are  analogous  to  what  takes  place  in  the 

more  or  less  remote  either  from    the  i^ys  of  ordinary  light  when,  from  being 

Hxis,  and  from  the  middle  of  the  magnet,  polarized  in  all  possible  directions,  they 

in  the  manner  represented  by  the  ar-  become  suddenly  polarii«i  in  one  parti- 

rows  in  the  fi^re.     The  total  amount  cular  direction. 

of  inclination  m  the  lateral  currents  will        (284.)   It  is  implied  in  the  first  of 
l)e  greater  in  proportion  to  the  intensity  these  hypotheses,  that  every  electric  cur- 
of  the  action  of  the  interior  currents,  ^nt  tenas  to  produce  currents  in  asimi- 
and  also  in  proportion  to  their  number ;  lar  direction  m  other  bodies.    Ampdre 
it  will,  therefore,  l)e  greater  in  propor-  has  proved,  by  the  following  curious 
tion  as  the  thickness  of  the  magnet  is  experiment,  that  a  powerful  voltaic  cur- 
greater  compared  with  its  length.    We  >^nt  possesses  this  power  of  exciting 
may  conceive  this  relative  thickness  to  currents  in  neighbouring  bodies  that  are 
I'e  so  excessive  as  that  the  forces  tend-  not  generally  consider^  as  susceptible 
ins:  to  produce  this  inclination  of  the  of  magnetism.    A  copper  wire  of  consi- 
eiirrt* nfs  will    at  length  overcome  the  derable  length,  covered  with  silk  thread, 
coercive  force,  and  prevent  the  deve-  was  rolled  round  a  cylinder,  so  as  to 
lopment  of  magnetism.    This  consider-  form  a  coil  of  some  thickness.    Within 
ation  will  easily  explain  the  difficulty  this  coil,  placed  in  a  vertical  position,  a 
that  is  experienced  in  magnetizing  a  bar  copper  ring  of  smaller  diameter  was  sus- 
in  such  a  manniT  as  that  the  poles  may  p^ded  by  a  fine  silk  thread,  passing 
1)e  in  the  direction  of  the  shorter  dia-  through  a  small  glass  tube,  which  was 
meter*;  a  remark  which  leads  us  to  the  thrust  between  the  threads  of  the  cop- 
subject  of  the  induction  of  magnetism,  per  coil.    The  circumference  of  the  ring 
I^t  us  examine  with  what  success  the  was  thus  brought,  in  every  part,  very 
hypothesis  of  Ampere  may  be  applied  near  to  the  conducting  coil,  througn 
to  this  class  of  phenomena.  which  a  very  powerful  voltaic  current 
(283  )  We  have  already  seen  that  an  was  sent.      When  a  magnet  was  pre- 
electric  current  communicates  magnetic  sented  to  the  ring,  under  these  circum- 
properties  by  induction  to  such  bodies  stances,  the  latter  -was  attracted  or  re- 
in the   vicinity  as  are   susceptible  of  pelled  in  the  same  manner  as  if  it  had 
accjuiring  them.     If  these  properties  are  formed  part  of  the  same  circuit  as  the 
owing  to  dectric  currents  circulating  in  coil.    Hence  it  was  inferred,  that  an 
" electric  current  tends  to  induce  in  con- 

p.  i5o  /  r-  '  currents  that  move  in  similar  directiona. 
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Tliis  ten4ency,  indeed,  is  but  feeble; 
Hnd  the  first  endeavours  of  Ampere  to 
discover  it  failed,  in  consequence  of  bis 
employing  inadequate  means;  but,  on 
repeatitig  the  experiment  with  more 
powerful  batteries  and  ma^ets,  he  per- 
fectly succeeded  in  rendering  the  actioi 
sensible.  • 

It  were  much  to  be  desired  that  this 
important  experiment,  upon  the  accu- 
racy of  which  so  much  is  made  to 
depend  in  accounting  for  magnetic 
induction  in  Ampere's  theory,  were 
carefully  repeated,  and  with  every  pos- 
sible variation  in  its  circumstances,  so 
as  to  determine  whether  the  effect  which 
he  observed  is  uniformly  sustained,  is 
invariably  connected  with  its  sup])osed 
cause,  and  is  always  proportioned  to  it ; 
or  whether  it  be  not  dependent  upon 
some  particular  conditions  in  the  current 
with  relation  to  its  tension,  velocity,  or 
intensity,  or  upon  some  temporary  va- 
riation taking  place  in  these  conditions. 
In  the  particular  form  in  which  the  ex- 
periment has  been  tried,  it  seems  scarcely 
to  warrant  the  very  general  conclusion 
which  Ampere  has  deuced  from  it. 

(285.)  Even  if  we  admit  it  to  be  esta- 
blished as  a  general  fact,  that  electric 
currents,  circulating  in  one  body,  are 
attended  by  similarly  directed  currents 
in  neighbouring  conductors,  we  are 
•still  not  in  a  condition  to  decide  the  ques- 
tion, whether,  in  imparting  maa:netism 
to  metals,  there  is  an  actual  production 
of  electric  currents,  or  simply  a  chanire 
effected  in  the  directions  of  currents 
previously  existing  in  their  particles. 
There  is,  however,  no  inconsistency  in 
the  supposition  that  the  effect  may  be 
due  to  both  these  causes ;  for  the  action 
of  an  electric  cuirent  may  consist  in 
giving  a  common  direction  to  precxist- 
ing  currents,  while  it,  at  the  same  time, 
augments  their  intensity. 

(286.)  It  is  unnecessary  to  enter  into 
long  details  as  to  the  modes  in  which, 
according  to  the  theory  we  are  consider- 
ing, an  electric  current,  passing  through 
conductors  of  different  forms,  whether 
straij^ht,  or  bent  into  spirals,  or  helices, 
or  a  mairnet,  in  which  currents  are  suj)- 
nosed  to  circulate,  induce  magnetic  po- 
larity in  the  adjacent  parts  of  pieces  of 
iron  or  steel  brought  within  the  sphere 
of  thtfir  influence,  when  we  regard  that 
polarity  as  consisting  in  the  establish- 
ment of  circidar  currents  of  the  same 
description  as  those  of  the  inducing 
mai^not.  It  will  he  suOicient  to  show 
0i4t  tilt'  fundamental  fact,  namely,  that 


either  pole  of  a  mainiet  tends  to  indui:€ 
the  opposite  polarity  in  the  adjacent  end 
of  a  magnetizable  fxxly  in  its  \icinity,  n 
the  direct  and  necessary  consequence  of 
the  hypothesis.  That  this  is  the  case 
will  readily  appear  from  considering  that 
when  the  elementary  magnetic  filament 
A  B,/^.  163,  is  brought  near  to  a  simi- 
lar elementary  filament,  CO,  in  a  neutrhi 

Efg.  163. 


state,  the  currents  which  circulate  in  the 
former  will  excite  in  the  latter  a  circu- 
lation of  currents  in  the  same  direction, 
thereby  rendering  it  magnetic.  But  since, 
according  to  the  theory  (J  267),  the  kind 
of  polarity  manifested  at  either  end  of 
a  ma^et  depends  altogether  upon  the 
direction  of  the  currents  with  respect  to 
the  axis  at  the  extremity,  it  is  evident 
that  if  the  current  at  the  end  B  revolves, 
as   seen  by  a  spectator  looking  at  that 
end,  in  the  direction  of  the  hands  of  a 
watch    on    the    dial,'  constituting   the 
southern  polarity,  the  current  induced 
at  the  end  of  the  other  piece,  C,  revolv- 
ing in  the  same  direction  in  space,  will 
appear  to  a  spectator  looking  at  that 
end  to  move  in  the  contrary  direction; 
it  will  therefore  have  a  northern  polarity, 
that  is,  one  contrary  to  that  of  the  all- 
jaccnt  end  B,  but  similar  to  that  of  thi' 
remote  end   A.     In    like   manner  the 
polarity  of  D,  if  the  inductive  influence 
extend  to  that  distance,  wiD  be  the  same 
as  that  of  B ;  for  the  circumstances  at- 
tending the  revolution  of  its  current  are 
precisely  the  same  in  both. 

(287.)  When,  on  the  other  hand,  the 
neutral  bar  is  placed  near  and  parallel 
to  the  inducing  magnet,  the  action  of 
the  cunents  on  the  adjacent  side  of  the 
latter  will  prevail  over  that  of  the  cur- 
rents on  the  remote  side,  on  account  of 
their  greater  proximity  to  the  bar,  and 
induce    in    its    adjacent    side  currents 
running  in  the  same  direction ;  but  these 
two  sets  of  currents,  being  situatetl  in 
different  sides  of  their  respective  axts, 
will  constitute  magnetic  currents  in  con 
trary  directions,  and,  therefoiv,  of  oppo- 
site properties.     Hence  the  poles  of  the 
induced  mapnet  are  reversed  with  re- 
lation to  those  of  the  inducing  maiintt. 
This  will  readily  a])pear  from  an  inspec- 
tion of /^r.  164.     The  same  opposition 
of  diivction  takes  ph^ce  when  two  fjaral- 
lel  rollers  turn  upon  one  another,  ui  con 
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sequence  of  the  parts  in  contact  moving 
in  the  same  direction. 

Ffg,  164. 


(288.)  After  the  removal  of  the  cur- 
tent  wliich  originally  determined  thcni, 
these  induced  currents  continue  to  cir- 
culate with  more  or  less  permanence, 
accordinj?  to  the  degree  of  coercive  force 
inherent  in  the  body.  In  soft  iron  they 
disappear  almost  immediately:  in  steel 
thev  continue  to  maintain  themselves, 
and  constitute  permanent  mai^nets.  The 
action  of  heat  is  either  to  weaken  or 
destroy  the  currents  altogether,  or  else 
to  derange  the  uniformity  of  their  direc- 
tion, so  that  they  cease  to  act  in  con- 
cert, and  the  steel  reverts  to  its  neutral 
state.  It  is  found,  in  conformity  with  the 
theory  of  Ampbre,  that  all  the  effects  of 
magnetic  induction  are  produced  eaually 
well  by  electric  currents  circulating 
1hrouf(h  spiral  or  heliacal  conductors,  as 
Ijy  artificial  magnets. 

(289.)  The  theory  of  Ampere  fur- 
nishes a  key  to  the  explanation  of  a 
variety  of  facts  attending  the  conversion 
of  steel  bars  into  magnets  by  the  ordi- 
nary processes  of  magnetization,  which 
are'not  intelligible  on  any  other  hypothe- 
sis. It  accounts  for  the  peculiar  circum- 
stances already  noticed  in  the  Treatise 
on  Magnetism,  regarding  the  relative 
advantages  of  the  single  or  double  touch, 
according  to  the  inclinations  given  to 
the  magnet  when  applied  to  the  bar  to 
be  magnetized ;  and  it  more  especially 
explains  the  frequent  o«cuiTence  of  con- 
secutive points  when  certain  methods 
are  employed.  Thus,  let  one  of  the 
poles  of  a  magnet,  the  north,  for  in- 
stance,  be  placed  on  the  middle  of  a 
steel  bar,  at  right  angles  to  it :  see  fig. 
165.    The  form  of  the  steel  bar  will,  as 

Fig.  165. 


transverse  to  its  length  ;  mmI  the  cur- 
rents in  the  magnet  running  in  this  di- 
rection are  those  situated  on  Che  oppo- 
site sides  of  the  magnet,  supposed  to  be 
divided  by  the  dotted  line  perpendicular 
to  the  length  of  the  steel  bar.  But  these 
portions  of  currents  are  themselves 
moving  in  contrary  directions  ;  the  cur- 
rents they  respectively  induce  in  the 
parts  of  the  bar  which  they  toudi,  and 
m  the  neighbouring  parts,  must  there- 
fore, in  hke  manner,  have  opposite  di- 
rections, giving  rise  to  opposite  polari- 
ties. Thus  the  two  ends  of  the  bar  win 
be  converted  into  north  poles,  while  the 
point  immediately  under  the  centre  of 
the  magnet  will  be  a  consecutive  point, 
or  south  pole. 

(290.)  The  phenomena  attending  the 
division  or  fracture  of  a  magnet  follow 
very  naturally  from  the  constitution 
assigned  to  it  by  Ampfeie's  hypothesis; 
for,  as  the  currents  circulate  in  the 
same  direction  in  the  divided  ends  while 
they  were  united,  they  will  appear  to 
circulate  in  opposite  directions  with 
reference  to  the  two  sides-  of  the  plane 
which  divides  them,  and  which  become 
the  terminal  planes  of  each  fragment 
when  separate.  The  ix)larilies  of  the 
two  ends  must,  therefore,  be  of  opposite 
kinds;  for  the  same  reason  that  the 
adjoining  ends,  B  and  C,  fig.  163,  of 
two  magnets  placed  in  the  same  line, 
with  tlieir  currents  having  sinailar  di- 
rections, have  opposite  polarities.  At 
the  poles  of  a  horseshoe  magnet,  the 
currents  revolve  in  opposite  directioiis 
with  respect  to  the  two  ends  of  the  bent 
axis  ;  but  the  directions  of  the  adjacent 
part  of  each  current,  as  well  as  of  the 
remote  parts,  are  similar.  See/,|f.  ie«. 

Fig.  166. 


Hlrcady  remarke<l.  give  greater  facility  to 
\U(i  induction  of  currents  in  a  direction 
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(291.)  If  a  steel  bar,  instead  of  being 
bent  into  the  form  of  a  horseshoe,  be 
formed  into  a  complete  ring,  ^.  167, 

Fig.  167. 


and  then  magnetized,  it  exhibits  no 
magnetic  properties  as  long  as  the  ring 
is  entire;  but  when  broken  into  any 
number  of  portions,  each  part  has  two 
poles,  and  possesses  all  the  properties 
of  an  ordinary  magnet.  This  experi- 
ment suggested  the  theoretical  investi- 
gation of  the  properties  of  a  system  of 
small  circular  ciurenls  situated  in  planes 
perpendicular  to  another  circle,  passing 
through  all  their  centres.  The  result  of 
the  investigation  of  this  problem  led  to 
a  mathematical  theorem  exactly  con- 
formable to  observation  ;  a  ring  so  con- 
stituted, or  an  electro^ynamic  ring,  as 
it  has  been  called,  being  found,  both 
from  theory  and  experiment,  to  exert  no 
action  upon  a  voltaic  conductor  or  mag- 
net, at  whatever  distance  from  it,  or  in 
whatever  situation  it  may  be  placed. 

(292.)  In  viewing  the  application  of 
Ampere's  theory  to  the  mutual  action 
of  two  magnets,  we  mis:ht  content  our- 
selves, with  the  observations  already 
made  as  to  the  mutual  action  of  two 
electro-dynamic  cylinders,  which  may 
be  taken  as  their  rej)resentatives  ;  and 
simply  refer  to  the  general  principle 
deduced  from  theoretical  considerations, 
}  251,  namely,  that  the  resultants  of  all 
the  actions  may  be  reduced  to  forces 
emanating  from  the  poles,  and  inversely 
proportional  to  the  squares  of  the  dis- 
tances. Yet  as  a  more  popular  view  of 
the  actual  operation  of  the  forces  derived 
from  the  attraction  or  rejnilsion  of  cur- 
rents in  the  simpler  cases  may  be  more 
satisfactory,  we  shall  examine  a  few  of 
these  cases. 

(293.)  It  will  be  evident  that  when 
two  magnets  are  presented  to  each 
other,  with  their  axes  in  the  same  line, 
it  must  depend  upon  the  similarity  or 
contrariety  of  the  directions  of  the  cur- 
rents at  the  adjacent  ends,  whether  these 
ends  will  attract  or  repel  each  other. 
The  former,  it  is  weW  Vx\o>wT\,W\).vex\% 


when  poles  of  opposite  denomiaatinn 
front  each  other ;  tlie  latter  when  dmi'ar 
poles  are  brought  together.  Tlie  mo- 
tion of  the  currents  in  the  first  case  may 
be  aptly  illustrated  by  two  watches  laitt 
the  one  above  the  other,  so  thai  the  dial 
of  the  one  may  be  in  contact  with  tbe 
back  of  the  other,  for  the  hands  in  both 
watches  will  then  be  moving  in  the  same 
direction  We  may  obtain  a  represen- 
tation of  the  second  ca.se,  by  placing 
the  watches  either  face  to  face,  or  back 
to  back ;  for  in  either  of  these  situation^:, 
the  motion  of  the  hands  in  the  two 
watches  are  in  opposite  directions.  The 
electric  currents  in  the  former  case  will 
exert  a  mutual  attraction;  and  in  tlie 
last,  a  mutual  repulsion. 

(294.)  In  estimating  the  attractive  or 
repulsive  forces  which  arise  in  olher 
relative  positions  of  the  magnets,  we 
must  take  into  account,  not  merely  tbe 
terminal  currents,  but  those  which  exist 
along  the  whole  length  of  both  maKnets. 
The  general  resultants  of  all  the  forces 
thus  arising  may  l)e  reduced  to  attne- 
tive  or  repulsive  forces  between  the 
whole  of  cacli  of  the  sides  of  one  mag- 
net, and  the  whole  of  each  of  the  sides 
of  the  other  maund.  Thus.  sup])Osing 
two  magnets  to  l>e  situated  horizontally 
nearly  m  the  position  to  which  tlwy 
would  be  brought  by  the  influence  of 
terrestrial  magnetism,  the  east  side  o\ 
the  one  will  attract  the  east  side  of  the 
other,  and  repel  the  west  side;  the  west 
.side  will,  in  like  manner,  attract  the 
west  and  repel  the  east.  Hence  the 
general  tendency  of  all  these  actions  is 
to  turn  the  magnets  so  as  to  bhnj^ 
the  two  eastern  sides,  for  example, 
as  near  together  as  possible,  and  pa- 
rallel to  each  other;  that  is,  into  a 
relative  position,  such  that  ttie  north 
])ole  of  each  magnet  shall  be  adjoining 
to  the  south  pole  of  the  other;  and  in 
this  situation  the  greatest  amount  of 
attractive  force  will  be  exerted. 

(295.)  In  positions  intermediate  i« 
these,  and  especially  when  much  in- 
clined to  each  other,  the  estimation  of 
the  resultant  force  in  each  individual 
case  is  often  difficult,  from  the  complex 
operation  of  the  numerous  forces  that 
are  in  action  in  a  variety  of  direction*. 
Thus,  if  one  of  the  masmets,  situated 
as  just  descriljed,  parallel  to  each 
other,  and  with  their  dissimilar  polos 
adjacent,  l)e  moved  in  the  line  of  it* 
axis  till  the  two  ends,  having  similar 
l>oles,  are  brought  into  the  same  planr. 
\\s  sVvvi\su  u\ /^.  168.  a  strong  repuUioJj 
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tlie  place  of  the  attraction  before 
ved,  notwithstanding  the  Kimilaiity 
I  currents  in  the  two  edges  at  S 
that  are  nearest  each  other.  The 
1  is,  that  the  attraction  of  the  ad- 

Fig.  168. 


sides  is  now  much  weakened  both 
j^ater  distance's  of  their  remoter 
ns  at  N  and  n,  and  also  on  ac- 
of  the  gieat  obliquity    of    that 
.  The  repulsions,  on  the  contrary. 
J  between  the  adjacent  side  of  the 
id  the  remote  tide  of  the  other 
t,  l)ecoroe  very    ])owerful,    both 
heir  increased  proximity  and  more 
action ;   and    they  predominate 
in»:ly.    A  similar  account  may  be 
of   the    attraction    which    takes 
between  dissimilar  poles  placed  in 
lar  situation.     The  reasoning  in 
istances  being  analogous  to  what 
ated  ($  236)  with  respect  to  the 
of  a  helix  upon  an  elementary 
I  of  current    placed  in  different 
)ns  with  respect  to  the  helix. 
.)    In  the  case  of  magnets  that 
)t    of  a  prismatic    or    cylindric 
nor  terminated  by  plane  surfaces 
dicular  to  their  axes,  the  estima- 
the  resultant  force  becomes  much 
complicated.    All  that  we  have 
&id  on  this  subject,  indeed,  can 
Ford  approximations  to  the  solu- 
the  problem  of  finding  this  re- 
.    The  rigorous  investigation  of 
)blem  would  involve  mathemati- 
siderations  of  too  great  an  extent 
eatise  of  this  kind.    The  reader 
ay  wish  to  prosecute  the  inquiry 
r(»d  more  especially  to  the  works 
pi're,  in  which    the    subject  is 
with  a  masterly  hand. 
)  The  magnetic  influence  of  the 
)eing  so  perfectly  analogous  to 
other  magnetic  bodies,  the  theory 
>^re  with  respect  to  the  const  it  u- 
such  bodies  must,  if  founded  in 
.pply  also  to  terrestrial  magnet- 
hich    must,  according    to    that 
be  derived  from  electric  currents 
ing  in  the  globe  from   east  to 
planes  parallel  to  the  magnetic 
'.     The  united   effect    of    such 
s  would  be  to  produce  a  southern 
'  on  the  northern  side  of  these 


planes,  and  a  northern  polarity  on  the 
southern  side.     It  is  scarcely  necessary 
to  point  out  how  exactly  the  phenomena 
described  in  Chapter  IX.  ({  128  to  147.) 
accord  with  the  consequences  of  such 
an  hypothesis.    The  magnetic  axis  of 
the  earth,  according  to  this  view  of  the 
subject,  is  merely  an  imaginary  line,  per- 
pendicular to  the  planes  of  the  electric 
currents  circulating  in   the  earth,  and 
passing^  through  the  centres  of  the  cir- 
cles described  by  those  currents ;  and 
the  directive  power  of  the  globe  which 
acts  on  iron  and  on  magnets  on  its  sur- 
face, is  the  result,  not  of  any  real  influ- 
ence proceeding  from  those  portions  of 
the  eaith  to  which  their  poles  point,  but 
of  the  electro- dynamic  action  of  cur- 
rents circulating  in   the  plane  of  the 
magnetic  equator,  in  obedience  to  which 
the  corresponding  currents  wliich  cir- 
culate in  the  magnet  place  themselves, 
so  as  to  approach  to  parallelism  with  the 
former;  that  is,  to  attain  the  position  of 
equilibrium  between  the  forces  in  opera- 
tion.   This  position  is  that  of  a  plane 
perpendicular  to  the  line  of  magnetic 
direction,  or  the  line  of  dip :  and  ac- 
cordingly, since  the  currents  in  the  mag- 
net are  themselves  perpendicular  to  its 
axis,  they  will  tend  to  bring  that  axis  in 
that  very  line.    Hence  the  phenomena 
of  the  dipping-needle,  and  hence  the 
position  assumed  by  the  compass-needle, 
in  the  plane  of  the  magnetic  meridian, 
as  being  the  nearest  approach  which  its 
mode  of   suspension  will  allow  it  to 
make  to  the  Hne  of  dip. 

(298.)  All  the  effects  of  terrestrial 
ma^etism  may  be  imitated  by  distri- 
buting wires  round  the  surface  of  an 
artificial  globe,  so  as  to  direct  a  galvanic 
current  through  them.  Mr.  Barlow,  in 
a  paper  lately  read  at  the  Ro^al  Society, 
describes  the  following  experiment  which 
he  made  with  this  view.  A  hollow 
wooden  globe,  sixteen  inches  in  diame- 
ter, was  furnished  with  copper  wires 
passing  in  grooves  along  each  parallel 
of  latitude  for  every  tenth  degree.  When 
an  electric  current  was  made  to  pass 
through  these  wires,  in  the  same  direc- 
tion in  each,  it  was  found  that  a  mag- 
netic needle,  properly  neutralized  with 
regard  to  the  earth's  action,  and  sus- 
pended in  different  situations  near  the 
surface  of  the  artificial  globe,  arranged 
itself  in  positions  perfectly  analogous 
to  those  actually  assumed  by  the  dip- 
ping-needle in  corresponding  regions  of 
the  earth.  It  is  probable  that  if  we 
could  indefinitely  multi^l^  th<e»^  ^^sdiKx^ 
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currents  on  a  globe  so  prepared,  the  of  a  common  magnet  and  an  decbo- 
apparatus  might  be  made  to  represent  dynamic  cylinder, 
with  great  accuracy  every  circumstance  (301.)  We  thus  find  that  the  theoiy 
of  magnetic  dip  and  direction ;  and  by  of  Ampdre  satisfies  every  condition  that 
employing,  instead  of  a  magnetic  nee-  is  required  of  a  true  theory,  inasmuch 
die,  an  electro-dynamic  cylinder,  all  as  it  affords  a  complete  explanation  of 
the  phenomena  of  terrestrial  magnetism  all  the  phenomena,  even  in  their  mi- 
might  be  exhibited,  without  the  inter-  nutest  details.  It  unites  the  character 
veiition  of  magnetism,  by  means  of  elec-  of  simplicity  in  principle,  and  compre- 
tricity  alone.  hensiveness  in  its  applications ;  and  by 

C29'J.)  The  orie:in  of  these  electrical  suggesting  new  combinations,  it  has  led 

cuirents  permeating  the  interior  of  the  to  the  discovery  of  new  facts,     ll  al«a 

(>arth,  and  more  especially  its  external  has  an  important  advantage  over  the 

layer,   may  possil)ly  be  traced  to  the  theory  of  tangential  forces  m  presenting 

action  of  the  sular  rays  on  successive  greater  facility  of  mathematical  inveiti- 

parts  of  the  torrid  zone,  which  taking  gation,  and  for  the  comparison  of  the 

place  from  east  to  west,  may  excite  cur-  analytical  formula?  thence  obtained,  irith 

rents  of  positive  electricity  in  that  dircc-  the  results  of  experiment ;  and  thertl:y 

tion,  and  in  planes  corresponding:  wjth  affording  the  most   severe  test  of  i's 

the  magnetic  equator.    The  probability  accuracy.     If  the  truth  of  the  theon-  te 

of  such  an  effect  being  produced,   and  established,  it  will  effect  cin  importanT 

the  inference  from  analogy  that  similar  step  in  the  generalization   of  physic « I 

currents  may  be  excited,  and  even  exist  phenomenit,  by  showing  that  all  tiiosc 

jMjrraanently  in  iron  and  steel,  is  greatly  formerly  referred  to  the  operation  of  an 

increased  by  the  recent  discoveries  of  unknown  principle,   considered  as  dis- 

Professor  Seebeck,  that  electric  currents  tinct  from  electricity  and  deuomicate<l 

may  be  produced  and  maintained  in  cir-  magnetism,  are,  in  fact,  essentially  e!ec- 

cuits  formed  exclusively  of  solid  con-  trie,   and  that  the  two    principles  k^j' 

ductors,  by  the  partial  application  of  identical,  and  instead  of  being  the  bases 

heat.    This  discovery,  which  leads  to  a  of  two  separate  departments  of  kro'.^- 

separate  department  of  this  science,  to  ledge,  are '  merely  branches  of  a  smsli> 

which  the  name  of  Thermo- Eiecirieity  and  more  extended  and  comprehend: \«' 

Jias  been  given,  will  be  treated  of  in  the  science. 
next  Chapter.  (302.)     It  must  at  the  same  tin^e  Iv 

(300.)     A  further  confirmation  of  the  acknowledged  that  much  still  rtmAir.'' 

electro-dynamic  theory  of  magnetism  is  to  be  done  towards  removing  the  (i.li-. 

derived  from  its  applicability  to  the  cu-  culties  opposed  to  this  as  well  as  ctha 

rinus  phenomena  of  magnetic  rotations,  electro-magnetic  theories,  which  are  p!f 

which  have  l^een  described  in  the  eighth  sented  by  the  singular  and  apparei.'.i;. 

chapter  of  the  Treatise  on  Magnetism  capricious  phenomena  of  the  indudu  ii 

(J  354  to  360).    Soon  after  the  discovery  of   mapetism    by    electrical    currer.-s 

of  this  new  class  of  facts,  M.  Arago  transmitted  along  conductors,  a::d  lii- 

suggested  to  M.  Ampdre  the  substitution  rived  either  from  the  voltaic  or  the  com- 

of  electro-dynamic   cylinders    for    the  raon    electrical  batteries.     We    alluJc 

magnetic  bars  in  these  experiments  on  particularly  to  the  results  of  the  expo- 

the  effects  ot  rotation.     The  first  trials  riments  of  Savary,  already  noticed  m 

made  by  these  two  philosophers  in  con-  &  164  to  168,  and  which  have  not  vit 

junction  did  not  lead  to  any  decisive  re-  been  suflSciently  generalized  to  aJraiut 

suit,  in  consequence  of  some  defects  in  being  explained  on  any  hypothesis, 
the  apparatus  they  employed ;  but  when 
these  defects  were  obviated  in  the  sub- 

sequent  experiments  which  they  made  Chapter  XIII. 

with  M.  Colladon,  in  which  a  very  short  Thormn  vi^t^^n,. 

double    helix,   forming  a  coil  of  about  Thermo-Electrtcity, 

two  inches  in  diameter,  was  used,  they  (303.)  PfiOFEssoR  Seebeck,  of  Berlin, 
succeeded  perfectly  in  obtaining  the  discovered,  in  the  year  1822,  that  cur- 
same  results  as  if  magnets  had  been  rents  of  electricity  might  be  produced 
employed*.  Hence  we  may  infer  the  by  tlie  partial  application  of  heat  to  » 
complete  identity  between  all  the  effects  circuit   composed  exclusively  of   soW 

-. . . conductors.     The  originid  experiraeot 

•  Amptr^.  Tb^ric  de«  Pbenom^net  Eie«iTo.d«-.  which  established  this  fact  was  first  in- 

aamiijues,  p.  i!«.  '  uounccd  in  this  countrv,  in  the  Annalf 
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Df  Phil<wop}iy*.  A  bar  of  antimony, 
about  ei^ht  inches  toni;  and  half  an  inch 
square,  was  taken,  and  its  extremities 
connected  by  twisting  a  piece  of  brass 
wire  round  them  so  as  to  form  a  loop, 
each  end  of  the  bar  having  several  coils 
of  the  wire.  On  heating  one  of  the  ex- 
tremities, for  a  short  time,  with  a  spirit- 
lamp,  electro-magnetic  effects  were  pro- 
duced in  every  part  of  a  circuit  so 
formed. 

(304.)  Thus  it  appears  that  for  con- 
stituting a  circuit  of  this  kind,  two  ele- 
ments only  are  requisite ;  which  may 
be  represented  in  the  diai^ram,  fig,  169, 
by  the  conductors  A  and  13,  consisting 

Fig.  169. 


of  two  different  metals,  in  contact  in 
two  points  II  and  C,  so  that  a  circuit  is 
formed  in  II  A  C  B. 

(305.)  The  electrical  current  thus  ex- 
cited has  been  termed  Thermo-electria^ 
in  order  to  distin&^uish  it  from  the  com- 
mon galvanic  current^  which,  as  it  re- 
quires the  intervention  of  a  fluid  ele- 
ment as  one  of  its  essential  components, 
was  denominated  a  Hydro  electric  cur- 
rent. The  term  Stereo  electric  current 
has  also  been  applied  to  the  former,  in 
order  to  mark  its  being  produced  in 
systems  formed  of  solid  bodies  alone. 
it  is  evident  that  if,  as  is  supposed  in 
the  theory  of  Ampbre,  magnets  owe 
their  peculiar  properties  to  the  continual 
circulation  of  electric  currents  in  their 
minute  parts,  these  currents  will  come 
under  the  description  of  stereo- electric 
currents. 

(306.)  The  chief  evidence  we  possess 
of  the  existence  of  thermo-electric  cur- 
rents consists  in  the  production  of  elec- 
tro-magnetic effects.  A  compass-needle 
placed  either  within  or  without  the  cir- 
cuit, and  at  a  small  distance  from  it,  is 
deflected  from  its  natural  ^)osition  in  a 
.  direction  conformable  to  its  situation 
with  regard  to  the  circuit.  Still  stronger 
indications  of  electro-magnetic  action 
are  obtained  by  placing  two  ends  of  one 

•  New  Serir«,  toI.  iv.,  p.  310. 


of  the  metallic  arcs  in  contact  with  the 
wires  of  a  (niWanometer.  The  thermo- 
electric current  has  also  been  found  to 
excite  contractions  in  the  muscles  of  a 
frog:  but  as  far  as  experiments  have 
yet  been  tried,  it  is  inadequate  to  effect 
chemical  decompositions,  the  ignition  of 
metals,  or  to  exhibit  sparks,  or  any 
other  of  the  phenomena  of  ordinary 
electricity. 

(307.^  If  the  metallic  arcs,  through 
which  a  thermo-electric  current  is  made 
to  pass  bj^  the  application  of  heat  to  one 
of  the  points  of^  contact  of  the  different 
metals,  be  delicately  suspended,  they  will 
obey  the  action  of  a  magnet  brought 
near  it.  If  the  opposite  poles  of  two 
magnets  be  placed  on  the  outside  of  a 
circuit  moving  in  a  vertical  plane,  and 
turning  on  a  vertical  axis,  the  conduc- 
tors may  be  made  to  revolve  by  continu- 
ing: to  apply  the  heat  on  the  same  side. 
Thus  if  the  circular  arrangement  of  bars 
represented  in  fig,  169  be  suspended  by 
a  thread  at  A,  and  opposite  magnetic 
polos  be  applied  at  H  and  C,  out  of  the 
circle,  while  the  flame  of  a  spirit-lamp 
is  held  steadily  at  H,  the  combined  ac- 
tions of  the  two  mafi^netic  poles  upon 
the  adjoining  ascending  current  at  H, 
and  descending  current  at  C,  will  be  to 
move  the  circle  till  its  plane  is  at  right 
angles  to  its  former  {msition.  But  the 
impulse  it  has  acquired  by  the  joint  ac- 
tion of  the  magnets  is  sufficient  to  con- 
tinue the  motion  until  the  sideC  arrives 
at  the  flame.  This  part  of  the  circle 
being  thus  heated,  w^ile  the  part  H  is 
at  the  same  time  l)ecoming  cool,  an 
electnc  current  is  now  determined  from 
C  through  A  to  H,  and  back  again 
through  B  to  C,  which  direction,  with 
reference  to  the  magnets,  is  the  same  as 
before,  and  the  circle  is  urged  onwards 
in  its  revolution.  When  it  has  com- 
pleted an  entire  revolution,  all  the  cir- 
cumstances l>eing  the  same  as  at  first, 
another  impulse  will  l>e  given,  and  the 
circle  will  continue  incessantly  to  re- 
volve; the  current  moving  alternately 
in  opposite  directions  at  every  semi-re- 
volution of  the  circle. 

(308.)  On  the  other  hand,  the  pole 
of  a  magnet  placed  within  the  circuit 
will  have  no  tendency  to  produce  rota- 
tion ;  because  the  current  in  the  oppo- 
site branches  of  the  circle  moves  in  con- 
trary directions;  and  being,  therefore, 
urged  by  the  magnet  to  revolve  in  oppo- 
site directions,  the  circle  will  remain  in 
equilibrium.  But  two  systems  of  circles, 
supported  each  by  a  point  on  the  ends 
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of  a  horseshoe  magnet,  placed  vertically.  Rhodium,                   Chareoal,  % 

withthe  poles  uppermost  (that  is,  fixed  Gold,                         Plumbago,/ 

as  \njlg,  50),  and  a  lamp  being  placed  Copper,                      Iron, 

half  way  between  the  poles,  each  of  the  Silver,                         Arsenic, 

circles  will  revolve  by  the  action  of  that  Zinc,                          Antimony. 

pole  which  is  exterior  to  it.  Qadroium, 

(309.)    It  appears  from  these  and 

other  experiments  of  a  similar  kind*,  (312.)    In  this  series  every  metal  is 

that  the  mutual  action  of  a  magnet  and  positive  with  respect  to  all  those  below 

a  thermo-electric  current  is  subject  to  it,  and  negative  to  those  above.    Hence 

the  same  laws  as  those  of  magnets  and  any  two  metals    occupying    situations 

galvanic  currents ;   and  hence  all  the  intermediate  between  the  two  extremes 

phenomena  of  the  attraction,    repul-  will  together  compose  a  thermo-elechic 

sion,  or  rotation  of  conductors  conveying  circuit  similar  to,  though  of  less  power 

fi*alvanic  currents,  may  be  exhibited  by  than  that  formed  by  bismuth  and  aoti- 

a  thermo-electric  current  transmitted  mony. 

through  the  same  conductors.  (313.)  The  order  in  which  the  metals 

(310.)  The  two  metals  of  which  the  stand  in  the  above  series  does  not  con- 
combination  and  contact  produce  the  tinue  the  same  at  all  temperatures:  tho^ 
most  powerful  thermo-electric  currents,  gold,  silver,  copper,  brass,  and  sine, 
are  antimony  and  bismuth,  which  we  should  be  placed  below  iron  in  high  tem- 
shall  accordingly  take  as  the  representa-  peratures,  though  they  rank  above  it  in 
tives  of  their  respective  classes.    As  in  a  low  heat. 

the  galvanic  circuits,  where  the  current  (314.)  On  comparing  the  series  above 

of  positive  electricity  is  flowing  directly  given,  which  represents  the  thermo-elec- 

from  the  copi>er  to  the  zinc  (see  Qal-  trie  relations  of  the  metals,  with  that 

vanism,  $  4),  the  latter  is  generally  said  given  in  the  Treatise  on  Galvanism^  J 

to  be  positive  with  respect  to  the  former  73,  which  represents  their  galvanic  re- 

(see  Oalvanitm,  }  73) ;  so,  in  the  ther-  lations,it  will  be  evident  that  there  is  no 

mo-electric  circuit,  the  bismuth  is  gene-  correspondence  between  them. 

rally  said  to  he  positive  with  regard  to  (315.)    The  contact  of  the  metals  in 

the   antimony,  because,  in  the  colder  these  experiments  is  most  completely 

portion  of  the  ^circuit,  the  electric  cur-  secured  by  soldering  them  together;  but 

rent  is  passing  from  the  antimony  to  the  in  most  cases  it  will  be  sufficient,  if  they 

bismuth-K  fire  in  the  form  of  wires,  to  twist  them 

(3H.)  In  the  Treatise  on  Galvanism,  closely  together.  Mercury  may  be  con- 
we  have  given  (§  73)  a  list  of  metallic  veniently  employed  as  the  intermedium 
substances  in  the  order  of  their  oxidabi-  between  other  metals  :  the  mercurv  tie- 
lit  ies,  or  rather  in  the  order  of  their  ing  previously  heated,  the  extremities  of 
electrical  relations,  when  united  in  gal-  each  piece  composing  the  pair  being 
vanic  circuits,  with  interposed  acids.  A  dipped  into  it  at  the  same  moment,  and 
number  of  experiments  have  been  made  the  other  extremities  l)eing  applied  to  a 
by  Professor  Gumming,  for  the  purpose  galvanometer.  Even  a  small  fragment 
of  determining  the  comparative  Ihermo-  of  any  metallic  substance  is  sufficient  to 
electric  relations  of  the  different  metals  afford  indications  of  its  thermo-electric 
by  forming  circuits  of  them  taken  in  relations,  if  placed  upon  a  disc  of  the 
pairs.  From  these  the  following  series  metal  with  which  it  is  to  be  comitared, 
has  been  deduced,  descending  from  the  and  touched  with  a  hotwire ;  the  circuit 
extreme  positive,  as  we  have  already  beine  completed  throneh  the  wire  and 
defined  it,  which  is  bismuth,  to  the  ex-  theaisc.  But  it  is  found  that  the  results 
treme  negative,  which  is  antimony.  of  experiments  so  made  do  not  always 

Bismuth,                    Cobalt.         1  f^^^*"^  ^*!^*^  ^^^^^  obtained  by  employing: 

Mercury.  .                  Manganese,  /  ^^r^T".  P»«^«l' .  f^T  »*  *5P^*^?u  ^^*}  /> 

Nickel,      f                 Tin  effect  is  much  influenced  by  the  relative 

Platina,                      Lead  dimensions  of  the  heated  surfaces.  Even 

Palladium                  Brass.  ^^^^  ^^^  experiment  is  made  by  plun?- 

[ __2 '"Mf  the  metals  to  be  examined  in  heat«l 

•  Koramored.Uil.d  •ccooi.t  of  the,..  ,ee  Cam.  ".^""u'^^  }^^   direction    Of    the.  CUmmt 

minrN  Manual,  aireadj  qaotH.  Will  DC  determined,  in  many  cases,  by 

t  rhew  i»  fctiii  Honi*  confiwioo  in  tK*  application  the  Order  in  which  thcv  havc  l>een  im- 

of  thf  terms  povitive  and  nefatJTe  to  the  differeat  rnorco/l 

partg  of  Uiecircnit,  bfdiffervntMthnn,  and  ■OM*.  "»erseu. 

ercB  by  thetaineaatbor  indiSrrpntplacva.  (316.)     Considerable    diversities  tak< 
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place  in  the  directions  of  the  current  changes  taking  place  in  the  materials 

when  the  metals  contain  any  alloy,  or  composing  the  circuit.      Oxidation,  at 

are  not  in  a  stale  of  perfect   purity,  least,  has  no  shaxe  in  the  effect ;  for 

Thus,  although  bismuth    and  tm  are  Becquerel  has  repeated  the  experiments 

each  positive  with  regard  to  copper,  yet  of  Seebeck  and  others,  relating  to  this 

an  alloy  of  the  two  former  is  found  to  mode  of  action,  when  the  apparatus  was 

l>e  negative  with  regard    to  the  latter  surrounded  by  hydrogen  gas,  without 

metal.  any  sensible  difference  in  the  results.* 

(3 1 7.)  We  are  yet  far  from  possessing  (3 1 9.)  The  great  peculiarity  which  dis- 
any  iheory  by  which  the  whole  of  the  tinguishes  thermo-electric  currents  from 
facts  belonging  to  thermo-electricity  thoseproducedby  galvanic  action,  is  that 
can  be  satisfactorily  explained.  The  the  Quantity  of  circulating  electricity  is 
most  intelligible  account  of  them  appears  much  greater  compared  with  its  inten- 
to  be  that  given  by  Becquerel*,  which  Hty,  They  are,  m  this  respect,  still 
proceeds  upon  the  hypothesis,  that  when-  further  removed  from  the  condition  of 
ever  a  particle  of  a  metal  receives  heat  streams  of  electricity  produced  in  the 
from  a  body  of  a  higher  temperature  common  electrical  machine,  which  pos- 
than  itself,  part  of  the  neutral  electric  sess  a  much  greaterintensity,  though  they 
fluid  which  fs  attached  to  it  is  decom-  are  much  less  considerable  in  quantity 
posed,  the  vitreous  fluid  being  retained,  than  galvanic  currents.  Hence  it  is 
and  the  resinous  fluid  driven  off,  and  chiefly  by  their  effects  in  producing 
passing  into  the  adjoining  particles  of  deviations  in  the  magnetic  needle  that 
metal.  In  proportion  as  the  heat  ex-  the  existence  of  thermo-electric  currents 
tends,  by  communication  from  particle  is  recognised.  The  low  state  of  inten- 
to  particle,  similar  effects  take  place  in  sity  of  these  latter  currents  occasions 
eacn  of  those  that  are  acquiring  heat,  great  loss  of  power  whenever  they  have 
while  contrary  effects  are  taking  place  in  to  traverse  any  considerable  line  uf  con- 
all  those  that  are  losing  heat.  Thus,  the  ductors, — even  of  metals,  which  are  the 
simple  diffusion  of  that  portion  of  heat  most  perfect  conductors.  On  thisac- 
which  was  originally  received  by  the  count  it  is-  that  very  little  advantage  is 
first  particle,  produces  only  an  oscilla-  gained  by  forming  compound  circuits ; 
tory  movement  of  the  electrical  fluids  that  is,  arranging  their  elements  in  a 
between  adjacent  particles,  attended  by  series  of  alternations  analogous  to  those 
a  series  of  decompositions  and  com-  of  the  voltaic  pile.  Messrs.  Fourier  and 
binations  of  the  two  electric  fluids.  But  Oersted  made  trials  of  this  kind;  first 
if  the  source  of  heat  be  permanent,  so  combining  three  bars  of  bismuth  with 
that  the  temperature  of  the  first  particles  three  bars  of  antimony,  placed  alter* 
which  receive  it  be  uniformly  maintained,  nately,  so  as  to  form  the  sides  of  a 
the  retrograde  movements  of  the  decom-  hexagon,  and  with  their  contiguous  ends 
posed  electric  fluids  are  prevented,  and  soldered  together,  thus  composing  a 
a  continued  current  of  each  takes  place  thermo-electric  circuit,  which  included 
in  opposite  directions  ;  the  negative  three  pair  of  elements.  The  length  of 
electricity  being  impelled  forwards  from  the  t)ars  was  about  four  inches  and  a 
the  parts  where  the  temperature  con-  half,  their  breadth  about  half  an  inch, 
tinues  high  to  those  which  continue  to  and  their  thickness  one-sixth  of  an  inch. 
be  colder,  and  a  positive  current  moving  This  circuit  was  placed  upon  two  sup- 
in  the  contrary  direction.  It  follows,  ports,  and  in  a  horizontal  position,  one 
from  this  hypothesis,  that  when  two  of  the  sides  of  the  l.exagon  being  in  the 
different  metals  are  placed  in  contact,  magnetic  meridian.  A  compass-needle 
so  as  to  constitute  a  circuit,  the  currents  was  placed  below  this  side,  and  as  near 
from  the  heated  parts  that  are  con-  to  it  as  possible,  and  was  veiy  sensibly 
joined  will  be  urged  in  opposite  direc-  affected  when  one  of  the  solderings  at 
tions ;  but  the  strongest  will  prevail,  the  junctions  of  the  bars  was  heated 
and  the  thermo-electric  current  actually  with  the  flame  of  a  lamp.  The  devia- 
observed  is  that  which  results,  and  of  tion  was  considerably  increased  on  heat- 
whichtheintensity  is  equal  to  the  differ-  ing  two  of  the  alternate  angles  of  the 
ence  between  the  two  that  are  aimul-  hexagon ;  and  a  still  greater  deviation 
taneously  developed.  was  produced  when  the  heat  was  applied 

(318)     Thermo-electricity  does  not  to  the  three  alternate  angles.    Similar 

appear  to  have  its  source  in  any  chemical  effects  were  produced  when,  insteail  of 


•  See  Anam1.>«  «!.•  Chimie,  tome  sli  p.  363.  *  Anfwles  d«  Chimie,  tome  xli.  p  3&A 
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applying  heat,  the  temperature  of  one  GcdnHmtm,  §  69),  it  will,  therefore,  be  a 

or  more  of  Ihe  other  angles  of  the  hex-  more  imperfect  conductor  than  the  me. 

Hffon  was    reduced  by  means  of  ice.  tals,  and  will  oppose  some  decree  of 

When  the  action  of  the  ice  was  com-  resistance  to  the  passage  of  the  electric 

bined  with  that  of  the  flame,  applied  at  currents  circulating  through  the  whole 

the  same  time  to  the  alternate  angles  assemblage. 

all  round  the  hexagon,  the  eifect  was        (323.)   There  are,  therefore,  strictly 

still  more  considerable,  the  deviation  of  speaking,  three  states  of  electricity.  That 

the  needle  amounting  to  sixty  degrees.  derived  ^m  the  common  electrical  ma* 

(320.)    By  continuing  these  experi-  chine  is  in  the  highest  state  of  tension, 

ments  with  more  numerous  alternations,  and  accumulates  till  it  is  able  to  force  a 

it  was  found  that  the  total  effect  of  a  passage  through  the  air,  which  is  apo"- 

com|)ound  thermo-electric  circuit  is  very  feet  non-conductor.      In   the  galvanic 

inferior  to  the  sum  of  the  effects  whicn  apparatus  the  currents   have  a  smaller 

the  same  elements  could  produce  when  degree  of  tension  ;    l}ecause,  although 

employed  in  the  formation   of  simjjle  they  pass  freely  through  the  metadic 

circuits,   so  that  the  electro-magnetic  elements,  they  meet  with  some  impedi- 

forces  called  into  action  increase  in  a  ment  in  traversing  the  fluid  conductor. 

much  less  ratio   than  the  number  of  But  in  the  thermo-electric  currents  the 

alternations  constituting:  the  series*.  tension  is  reduced  to  nothing,  iMcaase 

(321.)  The  latest  thermo-electric  ex-  throughout  the  whole  course  of  tlw  dr- 
periments  are  those  of  Messrs.  Nobili  cuit  no  impediment  exists  to  its  free  and 
and  Melloni,  of  which  an  account  was  uniform  circulation, 
read  to  the  French  Academy  of  Sciences  (324.)  These  considerations  serve  also 
in  Septeml)er  last  (1831.)-^  A  thermo-  to  explain  why  the  latter  8|)ecies  ot 
electric  pile,  consisting  of  thirty- six  pairs  current  is  inadequate  to  etfect  any  kind 
of  plates  of  bismuth  and  antimony,  hav-  of  chemical  decomposition,  or  even  to 
ing  a  galvanometer  with  two  needles  ])roduce  any  degree  of  permanent  mag- 
attached  to  it,  was  found  to  be  so  sen-  netisni.  It  has  hitherto  been  found 
sible  as  to  be  affected  by  the  warmth  of  impossible  to  majpietize  steel  bars  bv 
a  person  at  the  distance  of  thirty  feet,  means  of  thermo-electricity,  although 
A  number  of  delicate  experiments  were  the  apparatus  employed  for  that  pur 
made  with  this  apparatus  on  the  permea-  pose  was  capable  of  producing  a  strong 
bility  of  bodies  to  radiant  heat,  on  the  effect  on  the  magnetic  needle, 
temperature  of  insects,  and  on  the  pow-  (325.)  It  is  probably  owing  to  some 
ers  of  different  bodies  of  emitting,  re-  quality  of  this  kind  in  the  currents,  whkh 
fleeting,  and  absorbing  heat.  Consider-  theory  assigns  as  the  source  of  magne- 
able  doubt  is  also  thrown  by  these  in-  tism  (namely,  from  deficiency  in  tension), 
quirers  on  the  conclusions  of  Fourier  that  all  the  endeavours  which  Have  so 
and  Oersted  with  respect  to  the  limited  many  different  tinies  Icen  made  by  va- 
effect  of  increasing  the  number  of  alter-  rious  experimentalists  to  obtain  fiom 
nations  in  augmenting  the  intensity  of  magnetism  any  effects  that  may  be  con- 
the  current.  sidt-red  as  exclusively   electiical,  have 

(322.)  It  would  appear  also,  from  the  uniformly  failed.    Although  a  magnet 

observations    of   Professor    Gumming,  is  powerfully  ailVcted  by   a  current  of 

that   although   the    hydro-electric   and  eleclricity   proceeding    from    a    voltaic 

thermo-electric    currents   may  both  be  battery,   it   does  not   appear  that   the 

regarded  as  continuous,  when  compared  magnet   is  capable   of  augmenting  or 

withthoseof  common  electricity,  excited  diminishing   either   the  intensity  or  ve- 

by   the  electrical   machine,   which   are  locity,  cr   any  other  of  the  qualities  Oi 

manifestly  discontinuous  (see    Galvan-  the  electric  current.     The  only  way  in 

t>m,  J  21  and  94),  yet  when  the  hydro-  which   the  reaction    of  the   magnet  ii 

electric  and  thermo-electric  currents  are  shown,  is  by  giving  the  electric  cu^^iit 

compared  with   one  another,  the  con-  a  tendency  to  lateral  deflexion,   as  if 

tinuity  of  the  latter  is  by  far  the  most  urged  by  tangential  forces   ]  roceeding 

complete.  This  will  appear  evident  from  from  the  poles  of  the  macnet.    If  the 

the  consideration  that,  as  it  is  necessary  wire  of  a  galvanometer  form  part  of  the 

that  one  of  the  three  elements  of  a  gal-  voltaic  circuit,   and  a  i)owerful  magnet 

vanic  circuit   must    be    a    fluid    (see  be  applied  to  other  parts  of  the  circuit, 

whether  bent  into   a  helix  or   not,  no 

•  Qaarterlv  Joarnal  of  Science,  .vi    ICr,.  ^"^'J?*'?",^/  ^7  ^^tion  flOm  the  magnet 

f  BiiU«tin deb  So\e&ce«,N<K  u.for  1831.  IS  afforded  by  the  needle  of  the  galvano 
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meter**   We  understand,  however,  that  violet  rays  of  a  speetmm  thrown  by  an 

Mr.  Faraday  is  at  pesent  engaged  in  an  equiangular  prism  of  flint  glass,  on  a 

exi)erimental  inquuy  upon  this  subject,  pannel  at  five  feet  distance.     As  the 

which  cannot  fau,  in  such  able  hands,  place  of  the  spectrum  sMfted  by  the 

to  lead  to  important  results.  motion  of  the  sun,  the  needle  was  moved 

so  as  to  keep  the  exposed  part  constantly 

Chapter  XIV.  •"  J^®  'ii?^''\^K  '"'^  *?"  ^"^«  ^"«^*' 

OHAPTKR  Alv.  ,n  iggj,  ^1^^  ^^Q  j^Q^^  ^Yie  needle,  which 

In/luenee  of  Ugki  on  MagneHm.  ^^Zf  *>^  ^^5"?®"*  ^^""""^^  "*?  *'«?* 

^            •'    ^             ^  of  polarity,  had  become  magnetic,  the 

(326.)    Profbssor  Morichini  of  Rome  exposed  end  having  the  properties  of  a 

announced,  in  the  year  1813,  his  having  north  pole. 

discovered  that  steel,  exposed  in  a  par-  The  season  continuing  dEivourable, 
ticular  manner  to  the  concentrated  violet  afforded  dailjr  opportunities  of  repeat- 
rays  of  the  solar  spectrum,  became  mag-  ing  and  varyin?  the  experiments  with 
netic;  but  the  uniform  failure  of  the  needles  of  difSrent  sizes,  and  placed 
experiment,  when  tried  by  every  other  in  different  positions  with  respect  to 
person,  had  created  great  doubt  of  the  the  meridian,  and  at  different  distances 
accuracy  of  the  resiSt  as  reported  by  from  the  prism.  The  results  were  nearly 
MorichinL  In  the  course  of  some  ex-  uniform,  and  similar  to  that  above  < 
periments  made  by  Mr.  Christie,  in  the  stated.  It  was  not  found  necessary  to 
year  1 824,  he  was  led  to  the  conclusion  darken  the  room,  provided  the  spectrum 
that  the  solar  rays  actually  do  exert  a  was  thrown  out  of  the  direct  solar  rays, 
sensible  influence  on  magnetism,  which  (328.)  Mrs.  Somerville  next  endear 
is  shown  by  their  affecting  the  vibra-  voured  to  ascertain  whether  the  other 
tions  of  a  magnetized  needle  exposed  to  prismatic  rays  had  the  same  property 
them,  quite  independently  of  the  effects  as  the  violet.  Needles,  previously  as- 
produced  by  the  neat  which  they  impart,  certained  to  be  unmagnetic,  exposed  to 
A  needle,  six  inches  long,  contained  in  the  blue  and  green  rays,  sometimes 
a  brass  compass  box  with  a  glass  cover,  acquired  magnetism,  though  less  uni- 
was  suspended  by  a  fine  hair,  and  made  formly  and  less  quickly  than  in  the 
to  vibrate,  altematelv  shaded  and  ex-  violet  ray :  when  magnetism  was  thus 
posed  to  the  sun.  He  found,  from  a  communicated,  it  seemed  to  be  equally 
number  of  trials,  that  the  vibrations  of  strong  as  in  the  former  case.  The  in- 
the  needle,  when  exposed  to  the  sun,  digo  ray  succeeded  nearly  as  well  as 
ceased  in  a  much  shorter  time  than  when  the  violet.  The  exposed  end,  in  almost 
they  took  place  in  the  shade.  That  this  every  case,  became  a  north  pole.  In  nu 
greater  slowness  of  the  vibrations  was  one  instance  was  magnetism  produced 
not  attributable  to  an  increase  of  tem-  by  the  jfellow,  orange,  or  red  rays, 
perature,  was  proved  by  the  needless  thoueh  in  some  instances  the  same 
being  observed  to  vibrate  more  rapidly  needles  were  exposed  to  their  infiuence 
when  its  temperature  was  raised  by  for  three  successive  days ;  neither  did 
other  meanst .  the  calorific  rays  of  the  spectrum  pro- 

(327.)  In  the  summer  of  1825,  Mrs.  duce  any  sensible  effect. 

Somerville  was  induced,  by  the  unusual  (329.)    Pieces  of  clock  and  watch 

clearness  of  the  weather,  to  investigate  spring  were  next  tried  with  similar  suc- 

this  subject}.    Having  at  that  time  no  cess,  and  were  found  to  be  even  more 

information  of  the    manner  in  which  susceptible  of   this  peculiar  magnetic 

Morichini's  experiments  had  been  con-  influence  than  needles,  possibly  on  ac- 

ducted,  it  occurred  to  her  that  if  the  count  of  their  blue  colour,  or  greater 

whole  needle  were  equally  exposed  to  proportional  surfaces.    The  violet  rays 

the  violet  rays,  it  was  not  probable  that  concentrated  by  a  lens  produced  mag- 

the  same  influence  which  produced  a  netism  in  a  shorter  time  than  the  prism 

south  pole  at  one  end,  would,  at  the  alone. 

same  time,  produce  a  north  pole  at  the  (330.)  Experiments  were  next  insti- 
other.  She  therefore  covered  half  of  a  tuted  by  transmitting  the  solar  rays 
dender  sewing-needle,  an  inch  long,  with  through  coloured  media.  Needles,  half 
paper,  and  fixed  it  in  such  a  manner  as  eovered  with  paper,  were  exposed  on  a 
to  expose  the  uncovered  part  to  the  stone  outside  a  window,  under  a  blue 
glass  coloured  by  cobalt,  to  a  hot  sun 

TfZ2SS^^4Z^tiS^;.^i.  »'  ««««  <»  fo"'  *w>nrs.     They  v«t^ 
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iBUgiMliMi  Wis  not  pennuieDfly  n-  during  that  eipoiugi  a  aiitamdapte  of 

tuiod.     In  mbtequent  eiqierimenti,  hett ;  whieh  neat  b  agafai  lost  ujf  Doe- 

hf  an  azposure  of  needles  under  the  tumal  radiatioB.    AUnougii  the  eAet 

game  eireQiiistaiiees.  for  six  houn*  a  of  theee  attanate  diangiea  of  tenM^ 

tafy  aennhle  degree  of  magnetism  was  ture  may  extend  only  to  a  small  iefA 

Inquired,   and    remained  pennanent  bdow  tM  surfiMe*  yet  considering  tbrir 

The  rays  transmitted  throngh  the  blue  immenie  superficial  extent,  thiy  maf  he 

^[ass  employed  in  tlds  experiment  black-  auileient  to  gife  riie  to  tbemiMleelzis 

cned  muriate  of  siWer  as  powerfully  as  currents  of  considerable  power.    It  has 

those  trantmitted  through  uncdoured  been  coi^ieetured»  also*  tluitthese  effsets 

glata ;  thus  proving  that  it  was  freely  may  be  combined  with  an  inflnenosoC 

permeable  to  the  chemical  rays  of  the  anotherkind»  more  direetly  derrredfttMi 

aolar  spectrum.    Green  riass  was  also  the  rotation  of  the  earth  on  its  axii^  on 

tried ;  and  the  rays  which  had  pane*  the  pnnciple  that  aU  IxMiies  have  beea 

trated  it  were  likewise  found  to  commo*  found  to  exlubit  magpactic  pohrity  by 

nicate  magnetism.    The  white  light  of  rotation.t 

the  sun  j^oduced  no  magnetw  effi^  (333.)  That  electrio  ennentsdorsallf 

whaterer  on  needles  ei^osed  to  its  in-  circulale  in  different  parta  of  the  sou 

lluenoe.  strata  of  the  earth,  is  not  mmiy  matter 

(331.)  Although  the  experiments,  of  of  conjecture:  the  existence  of  sneh 

which  we  ha?e  just  stated  the  results,  currents  has  been  latdy  proved,  in  the 

are  minutely  detuled  in  the  paper  above  most  satisfiMtory  manner,  by  Mr.  Roheit 

referred  to  m  the  PhUosopbical  Tkrans-  Fox,  in  a  paper  "  On  the  filectnMnag- 

actioni,  yet,  in  many  trials  made  by  other  netic  propertiea  of  metalliferous  veios,** 

expmmentalists,  no  success  has  been  which  has  t>een  recently  published  in  the 

obtained.    The  experiments  on  the  os-  Philosophical  T^ransaetions*.    Having 

dilations  of  the  needle  were  repeated  by  been  led  from  theory  to  entertain  the 

Messrs.  P.  Riess  and  L.  Moser  without  belief  that  a  connexion  exists  between 

any  satisfactory   result*.     We  may,  electric  action  in  the  interior  of  the  eartl^ 

therefore,  consider  the  sul^ect  as  still  and   the  arrangement  of  metalliieroai 

open  to  inquiry,  and  as  requiring  a  more  veins,  he   was  anxious  to  verify  thii 

minute  and  scrupulous  investigation.  opinion  by  experiment.    The  first  trith 

he  made  with  this  view  were  unsoe- 

Chapter  XV.  cessful :  but  by  perseverini;  in  his  at- 

^^.   .      -_,        .  .  •  w      ^-  tempts,  he  soon  obtained  decisive  evi- 

Ongtn  of  Terrestnal  Magnettm.  ^^^^  of  considerable  electrical  action 

(332.)  Sbve&al  causes  have  been  as-  in  the  mine  of  Huel  Jewel,  inComwalL 

signed  for  the  magnetic  influence  which  His  apparatus  consisted  of  small  plate's 

the  globe  of  the  earth  is  found  to  exercise,  of  sheet  copper,  which   were  fixed  ia 

not  only  over  the  magnetic  needle,  but  contact  with  ore  in  the  viens  by  copper 

also,  as  we  have  seen,  over  currents  of  nails,  or  else  wedged  closely  against  lliem 

voltaic  electricity   transmitted  through  by  wooden  props  stretched  across  the 

conductors.    {See  Chapter  IX.  $  128,  galleries  of  the  mine.*   Between  two  of 

et  sea,)  Among  the  various  substances  these   plates,  at    different   stations,  a 

which  occupy  the  interior  of  the  globe  communication  was  made  by  means  of 

it  is  extremely  probable  that  chemical  copper  wire,  one  twentieth  of  an  inch  in 

actions  of  different  kinds  are  incessantly  diameter,  which  included  a  galvanometer 

occurring.    These  actions  will,  for  the  in  its  circuit.    In  some  instances  three 

most  part,  however,  be  very  slow,  and  hundred  fathoms  of  copper  wire  were 

will  continue  with  a  certain  deg^ree  of  employed. 

uniformity  for  very  extended  periods  of  (334.)  The  intensity  of  the  decfarie 

time.    They  will  occur  more  especially  currents  was  found  to  diffler  considerably 

in  the  superficial  strata  of  the  earth,  in  different  places.    It  waa  generally 

where  the  combined  agencies  of  water,  greater  in  proportion  to   the  greater 

of  atmospheric  air,  and  of  heat  are  in  abundance  c^  copper  ore  in  the  veins, 

constant   operation.     The  influence  of  and  in  some  de^ee  also  to  the  depth  of 

the  solar  rays  on  a  sur&ce  of  such  vast  the   station.     This  curious  fact  may 

extent  must  be  very  considerable :  and  possibly  afford  the  miner  aome  useful 

excepting  in  the  vicinity  of  the  poles,  mdicabons  as  to  the  relative  quantities  of 

^'^nr  portion  of  that  sunace  is  expos^  ore  which  the  vein  contains,  and  alsotf 
ession  to  their  action,  and  acquires 
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iothe  directions  in  which  it  is  most  pro-  resultant  electro-mafpetic  action  of  the 

ductiTe.    The  electricity  thus  perpNetu«  whole  combination  being  that  of  which 

ally  in  action  does  not  appear  to  be  in  we  witness  the  effects,  and  which  may 

any  respect  influenced  by  the  presence  be  considered  as  due  to  electrical  cur- 

of  the  workmen  and  their  candles ;  nor  rents  circulating  in  directions  parallel 

even  by  the  explosions  of  gunpowder  in  to  the  magnetic  equator  round  the  sur- 

blaat ing.  face  of  the  earth. 

(335.)  Mr.  Fox  observes  that  ores        (337.)    Even  in  the  irregularities  in- 

which  transmit  electricity  have  generally  eident   to  the  magnetic  forces  derived 

some  conducting  material  interposed  in  from  the    earth  we    may  discern  the 

the  veins  between  them  and  the  surface :  operation  of  causes  which  are  periodical 

a  structure  which  appears  to  bear  some  in  their  operation.     Thus  the  diurnal 

analogy  to  the  ordinary  galvanic  combl  and    annual  changes   of  the  variation 

nations.  These  electrical  currents  which  of  the  needle  may  he  traced  to  cor- 

pervade  mines  were  found  to  have  vari-  responding  changes  in  the  position  of 

ous  and  frequently  opposite  directions  in  the  different  parts  of    the  earth  with 

different  parts  of  the  same  mine.  regard  to  the  sun,  in  as  far  as  these 

(336.)  The  metals  are  probably  not  electric  currents  are  dependent  upon 
the  only  substances  capable  of  giving  solar  influence.  The  progi^ssive  changes 
rise  to  electrical  currents  in  the  earth;  in  the  variation,  which  embrace  longer 
for  it  is  well  known  that  galvanic  com-  periods  of  time,  are  less  easily  accounted 
binations  may  be  formed  by  arrange-  for,  and  appear  referable  to  causes  which 
ments  of  elements  that  are  not  metallic,  act  at  greater  depths  belovr  the  surface 
(See  Galvanism,  ^  87.)  The  direction  of  the  earth ;  and  are  probably  connected 
of  each  current  will  of  course  be  deter-  with  chemical  changes  taking  place  m 
mined  by  the  relative  positions  of  the  the  interior  of  the  ^lobe,  of  which  we 
elements  from  which  it  is  derived ;  but  can  possess  no  certam  knowledge, 
even  if  we  suppose  the  arrangement  of  (338.)  On  the  whole,  then,  it  must  be 
these  elements  to  be  fortuitous,  a  pre-  allowed,  that  there  are  strong  grounds 
vailing  current  will  still  result,  arising  for  the  belief  that  there  subsists  some 
from  the  difference  of  their  actions  ;  for  mutual  connexion,  or  rather  an  intimate 
it  is  infinitely  improbable  that,  without  a  relation  and  affinity,  between  the  several 
designed  arrangement,  the  currents  in  imponderable  agents,  namely,  Heat, 
opposite  directions  should  be  exactly  Li^hi,  Electricity,  and  Magnetism, 
equal,  so  as  to  destroy  one  another,  which  pervade  in  so  mysterious  a  man- 
Irregularities  of  distribution  probably  ner  all  the  realms  of  space,  and  which 
exist  with  regard  to  the  materials  com-  exert  so  powerful  an  influence  over  all 
posing  the  interior  of  the  globe ;  the  the  phenomena  of  the  universe. 


Note.  Since  the  above  was  sent  to  the  press,  a  paper,  by  Mr.  Faraday,  has  been 
communicated  to  the  Royal  Society,  disclosing  a  most  important  principle  in  elec- 
tro-magnetism, of  which,  I  regret,  I  can  only  ^ive  the  following  brief  statement. 

By  a  numerous  series  of  experiments,  Mr.  Faraday  has  established  the  general 
fact,  that  when  a  piece  of  metal  is  moved  in  any  given  direction,  either  in  front  of 
a  single  magnetic  pole,  or  between  the  opposite  poles  of  a  horse-shoe  magnet, 
electrical  currents  are  developed  in  the  metal,  which  pass  in  a  direction  at  right 
angles  to  that  of  its  own  motion.    The  application  of  this  principle  affords  a  com- 

Slete  and  satisfactory  explanation  of  the  phenomena  observed  bv  Arago,Herschel» 
(abbage,  and  others,  where  magnetic  action  appears  to  be  developed  by  mere 
rotatory  motion,  and  which  have  been  erroneously  ascril>ed  to  simple  magnetic 
induction,  and  to  the  time  supposed  to  be  required  for  the  progress  of  that  induc- 
tion. The  electro-magnetic  effect  of  the  elective  current  induced  in  a  conductor 
by  a  magnetic  pole,  in  consequence  of  their  relative  mdion,  is  such  as  tends  con- 
tinually to  diminish  that  relative  motion ;  that  is,  to  bring  the  moving  bodies  into 
a  state  of  relative  rest :  so  that,  if  the  one  be  made  to  revolve  by  an  extraneous 
force,  the  other  will  tend  to  revolve  with  it,  in  the  same  directioo»  and  with  the 
same  velocity. 


POSTSCRIPT. 

Tbb  dttign  of  the  last  fbor  Treatises  has  been  to  offer  aoondeoaed  and  ms. 
thodical  woik  on  that  important  department  of  Natural  PhOoeophy  which  ooa^ 
ptisea  the  diYersified  phenomena  of  Electricity  and  Magnetism.  These  pile- 
nonena,  which  were  formerly  regarded  as  the  effects  of  two  perfectly  distbct 
sigents»  aie  now  discovered  to  have  an  latimate  relation  to  one  another,  and* 
in  all  probability,  to  be  dependent  on  one  and  the  same  principle :  in  like 
manner,  as  it  was  (bund  by  Newton  that  the  simpler  mechanical  phenomeaa 
of  the  unirerse  are  the  results  of  the  single  principle  of  gravitatioo.  Asoe- 
dnct  and  connected  account  of  the  numerous  discoveries  which  the  «^TMwy 
of  philMophers  have  recently  brought  to  light  on  this  highly  intstesting 
branch  of  physical  science,  collected  from  the  various  scier  line  joomals  aod 
transactions  through  which  they  are  dispeiaed,  and  digested  in  a  didactic 
Older,  seemed  to  be  particularly  wanting,  and  to  bo  espedally  ralcnktgd 
to  further  the  objects  of  the  Sodetfffar  ike  D^gMmt^Umfid  EmpwUi^ 
In  pursuance  of  this  design,  I  have  aimed  at  giving  to  the  subjeds  timed  ss 
much  condensation  as  was  compatible  with  perspicnity.  I  huTe  endeavomed  to 
conduct  the  student,  by  a  regular  progression,  from  the  simpler  to  the  more 
complex  topics  of  research ;  and  I  have  also  been  anxioua,  by  placing  coo- 
stantly  before  his  view  the  distinction  which  exists  between  ascertained  feels, 
and  the  hypotheses  and  theories  devised  fer  their  explanation,  to  iOnstiate  the 
precepts  of  Bacon  by  examples,  and  to  fester  that  genuine  spirit  of  pUkwophi- 
cal  inquiry  by  which  alone  error  can  be  avoided,  and  truth  attained. 

For  the  many  deficiendes  which  I  fear  the  reader  will  discover  m  the 
completion  of  this  design,  I  have  to  plead,  in  extenuation,  the  Tery  scanty 
portion  of  leisure,  which  the  continual  pressure  of  my  professional  duties 
leaves  at  my  disposal.  When  I  undertook  this  task,  at  the  request  of  the 
Society,  above  four  years  ago,  I  was  far  from  anticipating  the  extent  of  the 
labour  it  has  impost  upon  me ;  and  from  the  multiplied  interruptions  to 
which  I  have  been  subject,  I  have  been  compelled  to  prosecute  the  vroriL  ia  a 
desultory  manner,  and  at  irregular  and  uncertain  intervals. 

Since  the  publication  of  the  earlier  Treatises,  many  valuable  researches 
have  been  made,  both  in  Electricity  and  in  Galvanism,  which  deserve  to  be 
recorded  in  their  proper  places.  This,  however,  is  an  inconvenience  which, 
in  the  present  age  of  improvement,  must  be  incident  to  every  scientific 
Treatise ;  for  while  so  many  accessions  are  daily  accruing  to  the  stock  of 
information,  it  is  hardly  possible  to  keep  pace  with  the  rapid  growth  of 
knowledge ;  nor  can  we  ever  hope  to  incorporate  the  whole*  of  the  disco- 
veries, which  have  been  made  up  a)  the  last  moment  of  publication,  ia  a 
systematic  work  on  any  science.  To  wait  till  perfection  is  attained  wouki  be 
vain  and  fruitless  presumption  ;  for  the  architecture  of  science  has  this  pecu- 
liarity, that  the  foundations  must  be  prepared,  and  the  superstructure  begun, 
long  before  the  plans  and  elevations  re  completed.  To  posterity  will  be  left 
the  task  of  adding  the  key-stone,  and  of  removing  the  scafiblding  which 
interrupts  the  symmetry  of  the  perfect  edifice. 

P.  M.  ROGXT. 
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December  12^,1831.. 


EXPLANATION  OF  SCIENTIFIC  TERMS 


MADE  USE  OF  IN  THIS  VOLUME. 


K.B.  Ma&7  of  th«  termi  are  common  to  both  Volamet ;  but  those  explanstiooi  that  were  f  ivea  in  tha 
former  QlosMtrf  will  be  mercW  referred  to  in  the  present ;  except,  in  a  few  cases,  where  the  definitions 
were  not  lopposed  to  ce  lamcieBtlj  explidt.  Sereral  omissions  may  be  supplied  bjr  eonsnlting  the 
Indexes. 


ABERRATION^—See  OlOsbart  I. 

,  SPHERICAL.  —See 

Gloss.  I. 

ABSCISSA.— See  Conie  Sections.  Gloss.  I. 

ACCELERATION.— See  Gloss.  I. 

ACCELERATED  FORCE  is  the  in- 
creased force,  or  impetus,  which  a  body 
exerts  when  stopped,  in  consequence  of  the 
acceleration  of  its  motion.  Some  object 
to  the  expression,  and  propose  to  substi- 
tute the  term  Accumulated  Force. 

ACCELERATED  MOTION.— See  ^40- 
celeration, 

ACCIDENTAL  COLOURS.— See  Gloss. 
I. 

ACHROMATIC— See  Gloss.  L 

ACIDS.  The  term  add  was  originally 
confined  to  denominate  those  bodies  only 
which  have  a  sour  taste;  but  recently 
the  name  is  given  to  other  substances. 
The  present  characteristic  of  an  add  is, 
that  it  changes  the  blue,  green,  and 
purple  juices  of  vegetables  to  a  red 
colour,  and  that  it  unites  with  alkalis 
and  metallic  oxides  to  form  salts. 

ACID,  CARBONIC— See  Carbon. 

,  NITRIC— See  Axote. 

ADAMANTINE  SPAR.— See  Corundum, 
Gloss.  I. 

AFFINITY.— See  Ckemicat  jmnUy^ 

ACTING  POINT.-See  Machine. 

ACTION.— See  Gloss.  I. 

ACTIVE  FORCE.— See  Gloss.  L 

ACUTE  ANGLE.— See  .^n^/e. 

ADULARIA.— See  Feidtpar,  Gloss.  L 

j^ERlFORM  FLUIDS.— See  Gat,  Gloss.  I. 

AGATES.— See  Gloss.  L 

AIR,  GENERAL,  CONDENSED,ETHE- 
RIAL,  &c.     See  Gloss.  I. 

AIR,  PRESSURE  OF,  a  term  sometimes 
used  in  place  of  the  weight  or  the  pres- 
sure of  the  atmosphere. — See  Atmot" 
phere. 

AIR,  INFLAMMABLE.— See  Oxygen. 

AIR-TIGHT,  that  degree  of  closeness  in 
any  vessel  or  tube,  which  prevents  the 
passage  of  air,  under  the  drcumstancet 
in  which  it  is  placed. 

AIR-VESSEL,  a  vessel  in  which  air  is 
condensed  by  pressure,  for  the  purpose  of 
employing  the  re-action  of  its  elastidty 
as  a  moving,  or  as  a  r^:ulating  power. 

ALCHEMY,  the  name  of  that  fanciful  de- 
partment of  chemical  sdence  which,  for 
many  centuries,  was  occupied  in  the 
search  for  the  philosopher's  stone,  and 
the  EtUmr  Fitm  f  bv  the  former  of  wbldi 

H 


the  baser  were  to  be  transmuted  into  the 
predous  metals,  and  by  the  latter,  human 
life  was  to  be  indefinitely  prolonged. 
Sir  Richard  Steele  was  one  of  the  latest 
of  the  followers  of  that  phantom. 

ALCOHOL.  That  portion  of  a  vegetable 
substance  which  is  sweet  to  the  taste,  or 
which  is  capable  of  becoming  sweet  under 
certain  circumstances,  or  by  certain  ma- 
nipulations, is  termed  Succharun  or 
Saccharine  matter.  This,  when  sufficiently 
fluid,  readily  enters  into  an  intestine 
motion  called  the  Vinout  /ermentation^ 
emits  Carbonic  Acid  0<u,  and  becomes  of 
less  and  less  spedfic  gravity  during  the 
action.  This  lessening  of  weight  is  called 
Attenuation,  and  the  product  is  a  Finoue 
liquor.  From  this  vinous  liquor  another 
liquid  is  procured  by  distillation.  It  is 
lighter  than  water,  and  called  epiriiuout ; 
and  this,  by  re-distillation,  (termed  Jiec' 
tijication^  is  brought  to  the  state  of  pure 
Mpirit^  rectified  spirit  of  wine,  or  A/cohof, 
which  are  different  names  for  the  same 
thing.  Alcohol  vlvrays  retains  a  portion 
of  water,  and  its  purity  is  calculated  by 
its  freedom  from  flavour  and  its  lightness. 
I'he  strongest  alcohol  yet  procured  has 
the  spedfic  gravity  of  792,  taking  water 
at  1000. 

ALKALIES  are  substances  that  have  an 
acrid  taste,  change  blue  vegetable  colours 
to  green,  and  form  salts  by  their  union  with 
adds.  There  are  three  alkalies :  Potash, 
called  the  Feyetable  Alkali,  and  Soda 
the  Mineral  Alkali  are  said  to  be  Fixed 
Alkalies;  vn^  Ammonia,  which  is  termed 
the  Volatile  Alkali,  because  it  exists  in  the 
form  of  a  gas.  Potash  and  Soda  are  un- 
derstood to  be  the  oxides  of  two  substances, 
called  Potauium  and  Sodium,  whidi  are 
dassed  among  the  metals.  Lime  and 
certain  other  minerals,  having  some  of  the 
properties  of  an  alkali,  are  called  Alkaline 
Substances. 

ALTITUDE  of  the  sun  or  a  star.— See 
JHorizon. 

AMALGAM  (tram  the  Greek  ama,  toge- 
ther, and  ^omeo,  I  marry)  is  a  chemical 
term  signifying  the  union  of  any  metal 
with  mercury,  which  is  a  solvent  to  va- 
rious metals. 

AMETHYST.— See  arundum. 

AMMONIA^-See  Alkalies. 

AMPLITUDE See  Horium. 

ANALCIME  is  a  «toi\)&  ^YajSdl  \%  VrasAVa. 
groa^  ct^\8^  ^n^Xft^L  Vj  ^v«t>^aa. 


EXPLANATION  OF  SCIENTIFtC  TBRM8. 


the  tonrii  «r  hnrA  lavis.    It  toAu  often  iMiilhtfi  witk  tUdk  tMm  Inc. 

undtr  tha  blow^po  into  a  Mmi-crsnipii-  gnluly  piled  ind  growtt  tiyhei.    It 

rent  glMi.     It  is  alio  celled  Cubixiie.  net  n  wnite  milky  oolmir,  but  In  hi  tf- 

8ee  VoL  I^  Poiantaiiom   of  Ughi^  rided  portlene  it  is  usaallT  tnnspeiCBt 

jK  99.  This  ninend  is  fbnnd  in  toe  iitn  bumi 

ANALYSIS  is  the  sepemtJon  of  the  puts  of  Uto^  in  Sodermanin,  a  pnifinee  of 

*^aiHitnpimni»j«"^*^'»**ida  to  »«>'"»"•  Sweden. 

them  apart.    SYNTHIBIS  is  the  op-  AFPABXMT  Tna^-4foe  JWm. 

posite,  ^nifVinff  the  composition  of  pans  AQUA  F0RTI8.— See  jtnU, 

into  one  whole/  AQUEOUS    VAPOUR,    the    Tapenr  of 

ANAMORPHOSIS  (OredL  oaa,  again,  and  water.— See  Frnpaur. 

wmrpkotU,  a  fonn)  U  a  distorted  repre-  ARC  OF  A  ClRCLX.^-^See  .^ivlr. 

sentation  of  an  object ;  hot  which  is  so  AREA.    The  Roman  mrea  wae  a  thfoAiiy 


made  as  to  appear  m  iu  proper  shape  hy  floor,  hot  the  word  is  need  bj  | 

▼iewln|;  it  in  a  particiusr  direction,  or  tridans  to  denote  any  eorfiMe  of  a 

duraughaparticiilarniedlam.   TheiKgare  minateestenfc.   Thia extent iei 

isaborestored,  insomecasea,  bycaosing  bycBlcQlatlnghofWmanrtinieBlBfvAs 


tiie  anamorphosis  to  be  reflected  from        snr£ue  is  than  that  of 
specnla  with  certain  surftboes,  such   as       snrfime  of  the  sine  of  which  wn  have  m 
^io^_S^^iopmvuSLe'^xA%ru  idea,sncliasa»qiiareindi,aBaaarefat, 

we  nae  ae  tmmujkjim  ewei 


ANGLE.— See  Oloss.  L  Ac, 

ANGLES  of  Aiei<i^iM^  of /Zt^CorwM,  and  of  ARITHMETICAL   PROGRESSION.- 

/^roayAf^See  Gkss.  I.  for  these  terms  See  Ptnort&tim  jfnfkmtHem 

respectively.  ARRAGONITE,  an  impure  qpedbi  ef  csr^ 

ANHTOROUS.^-See  Hwdrale,  Gloss.  I.  bonate  of  lime,  brought  flram  Amgen  is 

ANIMAL  ELECTRICITY.'-See  GoAw-  Spain. 

wMi.  ARTIFICIAL  MAONBTa-^-8aeJfcMl 

ANNEALING  OF  METALS  consisu  in  ASTRONOMICAL    HORIEON.  —  Sis 

making  them  red  hot,  and  thm  letting        /foruNM.  

them  oool  gradnsUy,  in  order  to  restore  ASYMPTOTES  OF  AN  HYPERBOLA. 

their  malleability,  whidi  they  are  apt  to  — See  OBme  SetHmu  in  Gloss.  L 

loM  under  the  operation  of  hammeriiur.  ATMOSPHERE/— See  Glees.  L 

The  AnmemUmg  of  ^/au  h  conducted  in  ATMOSPHERES.  One,  twe^  thne,  A&— 

the  same  manner,  and  is  necessary  to  its  See  Gloss.  L 

perfection;    for,  otherwise,  it  would  be    ——REFRACTION  OF. 

apt  to  fly  into  pieces  by  the.  slightest  The  atmosphere,  which  thus  surnmndi 

scratch. — See  Rupert* t  dropt,  the  earth  like  a  shell,  is  more  dense  thsn 

ANTECEDENTS.— See  BaHo.  the  medium  (whether  ethereal  or  a  rsca- 

APIiELION  is  that  point  of  the  orbit  of  a  um)  that  iutenrenes  between  it  and  tbe 

planet  in  which  it  is  farthest  from  the  celestial  bodies ;   and,  consequently,  the 

sun  (Greek  heliot^  the  sun);   and  the  rays  of  light  are  refracted  when  enterinc 

PmAe/toii  is  the  point  of  the  planet*8  near-  this  shell.    This  refraction  varies  wiu 

est  approach.  the  density  of  the  atmosphere,  and  also 

APLANATIC    (Greek    a    privative,   and  with  the  direction  in    which  the  rays 

ptane^  error)  signifies   free  from  error.  enter.      The  atmosphere    graAaaUy  in- 

The  term  is  applied  to  those  optical  in-  creases  in  density  from  the  higher  to  the 

struments  in  which  the  spherical  aberra-  lower  strau ;   and,  therefore,  a  ray  of 

tion  is  completely  corrected. — See  Aber-  light  will  be  more  and  more  refracted  in 

ration^  Spherioaly  iu  Gloss.  I.  Its  passage  to  the  earth's  surface,  so  as  to 

APOGEE  (Greek  apo,  from,  and  ge,  the  descend  in  a  cunre  line.     The  cunre,  too, 

earth)  is  that  point  of  the  moon's  orbit  in  varies  with  the  direction  of  the  ray ;  thst 

which  she  is  at  the  greatest  distance ;  and  coming  from  the  senith  alone  being  s 

the  Perigee  it  that  point  in  which  she  is  straight  line, 

nearest  to  the  earth.    At  the  time  when  ATOM.— See  Motecuie, 

the  earth  was  regarded  as  the  centre  of  ATTENUATION.— See  AieokU, 

the  system,  the  terms  apogee  and  perigee  ATTRACTION  IN  GENERAL,  CAPIL- 

were  applicable  to  the  places  of  all  the  LARY,  and  of  Cohesion.*— See  Gloss.  I. 


planets,  and  also  to  the  sun,  with  respect  '         ELECTIVE. — See  Ckem- 

to  their  variable  distances  from  the  earth ;  cat  Attraction, 

but  nov  they  refer  only  to  the  moon.  MAGNETIC— See  Jftf 

What  was  then  called  the  sun's  Apogee  is  netitm, 

now  the  earth's  Jphetitm^  and  the  Pen-    AXINITE,  a  mineral  commonly  found  in 

gee  of  the  former  has  become  the  Pen-  crystals  of  four^ded  prisms,  so  flattened 

Af /ion  of  the  latter. — See  AphtUom,  that  some  <tf  itt  edses  become  thin  and 

APOPUYLLITE,orFISH-£YE^TONE  sharp;  and  heuM   its  name  fimn  the 

in  a  scarce  minera\,ha7\u:^  a^pswcV^  Vuxxa  Gr^ek  cuniie^an  aze. 

Hke  to  the    species   o£    tf^iAifax  cadSksA  KS;3i&  Qt^    k&  "VIAAS^V^^  l^ARABO 
■oon-clone.    Its  eryau2U  ixa^t scAma  aail       ^A^  ^  ^^IS^  bacu  ^im^^BsiuV. 


EXPLANATION  OP  SCISNTmC  TERMfiL  $ 

AXIS  OF  REFRACTION.— See  Refrme-  lead.    In  the  proportion  of  aboBt  a  toftf 

tive  Potter,  fifth  of  the  weignt  of  the  iron  it  forms 

OF  A  MAGNET^— See  Magnttitnu  CatUirtm.  Steei  is  a  combination  of  about 

AZLMUTH. — See  Horizon,  one  part  of  carbon  to  two  hundred  of 

— COMPASS. — See  HortMon,  iron.    This  union  of  carbon  and  iron  is 

AZOTE,  or    AZOTIC   OAS,   TOreek  m  called  Carbomgaium.  and  to  decariomMe 

privative,  and  Mae  life,)  so  callea  because  the  cast-iron,  or  ste«,  is  to  drive  off  its 

if  inhaled  alone  it  would  be  instantly  de«  carbon,  in  the  form  of  CMontc  Acid  Gat. 

stnictive  of  life,  is  combined  with  oxygen  Iron  is  said  to  be  Caat-hardened  when  its 

in  the  atmosphere,  of  which  it  constitutes  outer  surface  is  converted  into  steeL — See 

seventy-three  parts  in  the  hundred.  This  Sieei, 

£:as  is  also  called  Nitrogen^  because  it  Is  CASE-HARDENING.— See  Carkm, 

believed  to  be  the  basis  of  NUrie  acid  or  CAST-IRON.— See  Carbon, 

^qua  FoTiit.  CATOPTRICS,  that  part  of  the  sdence  of 

BALANCE — See  Gloss.  I  optics  which  treats  of  die  reflcodon  of 

BAROMETER.— See  Gloss.  I.  light. 

BASIL  LEATHER,  tanned  sheep  skin.  CENTIMETRE.— See  Metre. 

BATTERY.  ELECTRICAL— See  Leyden  CENTRE  OF  GRAVITY.— See  GrovtVf. 

PhiaL  OF  GYRATION.— See  C^- 

I,  VOLTAIC  — See    Galvame  Hon. 

Grd9.  OF  PERCUSSION.— See  Pe- 

BERYL.— See  Emerald,  cuttion, 

BLACK-LEAD.— See  Carbon,  OF  PRESSURE.— See  Prettmre. 

BODY  is  any  determinate  portion  of  matter  CENTRIFUGAL  FORCE.- See  Gloss.  I. 

which  may  act,  or  be  acted  upon,  by  other  CENTRIPETAL   FORCE  is  that  force 

bodies.  wliich  draws  a  body  towards  a  centre, 

BOILING. — See  Gloss.  I.  and  thereby  acts  as  a  counterpoise  to 

BOILING-POINT.— See  Gloss.  L  the  centrifugal  force  in  drailar  motion. 

BURNING-GLASS.— See  Gloss.  I.  Gravity  is  a  centripetal  force,  preventing 

CAIRNGORM.— See  QuartM,  the  pUineU  from  flying  off  in  a  tangent, 

CALAMINE,  an  ore  of  zinc.  as  the  stone  does  from  the  sling. 

CALCAREOUS  SI  AR.— See  Gloss.  L  CHARCOAL^See  Carbom. 

CALORIC,    latent,    specific,    &c  —  See  CHEMICAL   ATTRACTION,  CHEMI. 

Gloss.  I.  CAL  AFFINITY,  AND  ELECTIVE 

CALORIFIC  RAYS.— See  Gloss.  L  ATTRACTION  are  different  names  for 

CALX. — See  Oxygen,  that  unaccounted-for  action  by  which  the 

CAOUTCHOUC,    or    INDIAN     RUB-  particles  of  one  class  of  bodies,  when  pre- 

BER,  is  an  elastic  resin  or  dried  juice  of  sented  to  those  of  certain  other  classes, 

certain  trees  and  plants,  growing  in  South  conjoin  to  form  new  compounds,  making, 

America  and  the  East  Indies:  the  He-  apparently,  a  choice  or  election,  of  those 

vtea  caoutchouc  and  latropha  eltutica    of  with  which  they  unite, 

the  former;  and  the  Urceola  elattica  of  CHEMICAL   COMBINATION  is    that 

the  latter.    In  some  parts  of  those  ooun-  intimate  union  of  two  substanoes,  whether 

tries  boots  and  shoes  are  made  of  that  fluid  or  solid,  which  forms  a  compound, 

material.  differing  in  one  or  more  of  its  essential 

CAPACITY  FOR  HEAT.— See  Gloss.  I.  qualities  from  either  of  the  constitnent 

CAPILLARY  TUBE.— See  Gloss.  I.  bodies. 

ATTRACTION.   —   See  CHORD  OF  AN  ARO-See  Ang/e. 

Gloss.  I.  CHROMATICS  (from  the  Greek  ckroma, 

CARBON  is  the  chemical  name  for  char^  colour]  is  that  division  of  the  science  of 

eoaly  fiupposing  it  to  be  pure ;  but  pure  optics  which  treats  of  the  colours  of  Ught, 

carbon  is  understood  to  exist  only  in  the  their  several  properties,  and  the  laws  by 

diamond.    Charcoal  (the  carbon  of  the  which  they  are  separated, 

arts)  is  the  coaly  residuum  of  vegetable  CHROMATIC  VERNIER— See  Femier. 

substances  which   have   been  burnt  in  CIRCLE    OF  GYRATION.— See    Gyra- 

dose  vessels,  and  is  an  oxide  of  carbon,  lion. 

Carbon  unites  readily  with  oxygen,  form-  CIRCUMFERENCE.— See  Perimeter. 

ing  a  gas  called  Carbonic  Acid,    It  is  this  COHESION.— See  Gloss.  I. 

which  is  produced  by  the  vinotM /rrmra-    y   ATTRACTION    OF.  — See 

tation.     The  union  of  this  add  with  al-  Gloss.  I. 

kalies,  and  alkaline  substances,  or  with  COLOUR^-.See  Gloss.  I. 

metals,  forms  what  are  called  Carbonatet :  COLOURS,  PRIBfARY.— See  Gloss.  I. 

thus  we  have  Carbonate  of  Potash^  Car-  COMBINATION    9F    BODIES.  —  Set 

honate  of  Lhne,  Carbonate  of  Jron^  &c.  Chemical  Combination, 

Carbon  enters  into  direct  combination  COMMENSURABILITY.— See  JZo/io. 

with  iron.    Nine  parts  carbon  to  one  of  COMPASS,  AZlMUTH^-43ee  HoriMom. 

iron  is  Carbttret  of  Iron;  what  has  erro-    >  MARINEE*8«-S«^  MmvM^ 

neously  been  called  Plumbago  or  Blaekm  ^  Cbmposs, 


ntPLAMATION  OP  filCIKNTIFIC  TBRM8. 


COMFASS^  VABIATION  OF^-fieBJfa- 
COKPOSmON    OF    FORCBS.  — Sm 


COMFBXSSIBILnY.— See  Glon.  I. 
CONCAVB  MIBROBa— See  Mrrvrri 
LRNSSS.- 


DKjQXIDATIONiitlie  .jeprivfof  a  mI^ 

etMiee  of  tlie  oxygen,  or  vital  air,  wUdi 
itconteiae  Coneemiiig  the  Je^mMMg 
power  of  tba  eohr   raya,   aee 


». 


p-Xi 
DB8C 


!ASIKS*8  OVALS. 


CONDEN8ATION.-See  GHaet.  I. 

CONDUCTOSS  OF  CALORia  — See 
Oloit.1. 

— IN  ELBGTRICnT.    If 

a  body  be  •wer-mtwroied  with  the  eleetrie 
flaid,  tliat  fluid  will  endeavoor  to  eeei^e 
into  other  bodiet ;  or,  if  wtda^mUwruied^ 
the  body  wfll  attract  the  fluid  from  other 
bodiee.  If  the  podthrelyy  or  negatively, 
electrified  bodj  be  earrcRUided  hj  other 
bodies  through  wliidi  the  fluid  cannot 
paii^  it  if  said  to  be  immiated^ — to  be  in 
a  state  of  immimUomi  and  subttanoes 
whidi  thus  oppose  the  egress  or  ingress 
of  the  fluid  are  said  to  be  Nam  contbteton* 
Tboee  through  which  the  passage  i«  on- 
obatnieted  are  CSDMbtef ort. 

CON&r— See  Gloss.  L 

CONJUOATB  DIAMRTBRa-See  Gloss. 
I.  in  OMue^tefMMt. 

HYPERBOLAS.  —  See 

Gloss.  I.  in  CSmho  SeeriMw. 

OONOID^-See  Gloss.  L 

CONSKCUTIVS  POLES.— See  MM^ei. 

CONSEQUBNTSw— See  RmiU. 

CONVERGING  RAYS.— See  AUrrtaum. 

CONVEX  LENSES  AND  MIRRORS— 
See  Lttuft  and  Afirrort, 

CORUNDUM.— See  Gloss.  J. 

CRYSTALLIZATION See  Gloss.  I. 

CUBIZITK.— See  Analeime. 

CURVE  AND  CURVATURE.  —  See 
Gloss.  I. 

CURVES,  EVOLUTES,  AND  INVO- 
LUTES.—See  Gloss.  I. 

,  EQUATION  OF.— See  Gloss.  L 

,  MAGNETIC— See  MagneUtm. 

CURVILINEAL.— See  Glou.  L 

CYANOMETER,  an  instrument  inrent- 
ed  by  Saussure,  for  comparing  the  dif- 
ferent shades  of  blue,  of  which  a  good  de* 
scription  is  given  in  OpUci,  pp.  65, 66. 

CYCLOID.— See  Gloss.  I. 

CYLINDER— See  Gloss.  L 

DALEMBERT'S  PRINCIPLE.  —  See 
Prineipiey  Slc. 

DEAD  LEVEL.— See  LeveL 

DECAMETRE See  M^tre. 

DECARBONIZATIGN.- See  Carhon. 

DECIMETRE.— See  Metre, 

DEGREES  AND  MINUTES.— See ^M^ 

nnMciTY  (Latin  dentltot,  closeness)  is  a 
1  term,  and  denotes  the  compara> 
>titv  of  matter  in  different  bo- 
il is  contained  in  the  same  space 
■e}.  Gravity  is  understood  to 
portion  to  the  relative  quantity 
tter  of  bodies;  and,  hence,  the 
cavities  of  bodies  are  presumed 
neaiure  of  their  densities. — See 


Osali^ 


DIAGONAL,  in  geometry,  b  a  itraiglit 
line,  drawn  throogh  a  figure  Iromoes 
eomer  to  another.  A  four-aided  fif^ore 
has  two  diameters,  which,  iHien  the  aagiw 
are  right  an^^ea,  are  equal. 

DIAMETER  OF  A  CIRCLE,  a  right 
line  passing  through  the  oesitre,  and  ur. 
minating  at  both  ends  bjr  the  dronrnfep* 
ence. 

DIAMETERS,  TRANSVERSE  AND 
CONJUGATE.    See  CSsntc  Seehma. 

DIAPHANOUS  (from  the  Greek  d^ 
througli,  and  ^iUm*,  to  ahine)  is  that 
quality  of  a  subatance  which  allows  a  p»- 
sage  to  the  raya  of  light.  TVmatiiteetil  k 
a  more  ordinary  term,  of  the  sane  im- 
port. TVmmtparemt  riees  aliore  lirMdWnif, 
oy  admitting  not  only  the  passs^  of  Ji^t, 
but  the  vision  of  outward  objects.  iS^'- 
fntacAieeNl  and  seaiJynBiiiMwvar  are  ooca- 
sionaUy  written  to  eapreas  weaker  degrees 
of  those  qualitiea. 

DIFFRACTION,  or  INFLEXION  OF 
LIGHT.  Light,  when  it  meets  with  at 
obstacle^  proceeds  in  atraight  lines;  bet^ 
ifit  be  made  to  pass  by  tM  bonndariss  of 
an  opa<|ue  body,  it  is  turned  from  its  rss* 
tilineal  course,  which  deviation  is  termed 
diffraction,  or  injlexion.  See  Nfmtoit'i 
Opticty  p.  10. 

DIGESTER,  a  strong  vessel  of  iron  or 
other  metal,  having  a  screwed-down  end 
air-tight  lid,  into  whidi  animal  or  other 
substances  are  inclosed  immersed  in  wa- 
ter, and  submitted  to  a  higher  degree  of 
heat  than  could  be  had  in  open  vesseh, 
whereby  the  solvent  power  of  the  water  is 
so  increased  that  bones  (for  whidi  it  vai 
originally  invented)  are  converted  into  a 

DIOPTRICS  is  that  division  of  the  science 
of  optics  which  treats  of  the  refractioa  of 
light 

DIPPING  NEEDLE,  a  magnetic  needle 
noised  so  as  to  move  freely  in  a  vertical 
direction,  points  downward,  or  dips,  lets 
or  more,  towards  the  earth ;  except  it  be 
situated  on  some  part  of  a  line  which 
surrounds  the  globe,  and  is  called  the 
magnetic  equator.  On  this  line  the  needle 
remains  horisontal.  This  equator,  which 
intersects  the  geographical  equator  at  an 
angle  of  about  twelve  degrees,  has  its 
magnetic  poiet  at  a  short  distance  from  the 
true  poles  of  the  earth. 

DIRECT  PROPORTION,  or  DIRECT 
RATIO — See  iZo/io. 

DIRECTION,  LINE  OF.— See  Fsm^ 
Direction  of, 

DIRECTIVE  FORCE,  in  magnetism,  ii 
the  tendency  in  one  mugnet  to  asnatf  • 
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pardciUar  position  with  relation  to  ano- 
ther magnet. 

DIRECTRIX  OF  A  PARABOLA.— 
See  Conic  Sectiont. 

DISTILLATION  is  a  process  by  which  a 
fluid,  or  portion  of  a  liquid,  is  converted 
hito  vapour  by  means  of  heat ;  and  that 
vapour  returned  into  a  liquid  state  by 
cold,  or,  as  some  nay,  by  the  abstraction 
of  caloric.  Distillation  is  evaporation^ 
that  is,  raising  a  liquid  to  the  state  of 
vapour;  but  the  latter  term  does  not 
include  the  idea  of  preserving  that  vapour 
and  condensing  it  again  into  a  liquid. 
The  chief  object  of  distillation  is  either 
to  separate  mixed  liquids,  where  the 
steam  of  one  rises  at  a  lower  heat  than 
the  other ;  or  to  free  a  simple  liquid  from 
dregs  or  impurities.  In  the  distillation 
of  vinous  liquors,  alcohol  is  produced, 
which  boils  at  a  much  lower  heat  than 
water ;  but  it  is  not  vet  perfectly  ascer- 
tained whether  this  alcohol  existed  ready 
formed  in  the  liquor,  or  owes  its  forma- 
tion to  a  chemical  action  during  the  pro- 
cess. The  grosser  liquor  remaining  in 
the  still,  after  the  ipirit  is  all  exhausted, 
is  called  spent  imuA,  and  is  food  for  hogs. 

DIVERGING  RAYS  (of  light)  are  the 
opposite  of  converging  (whidi  see).  They 
separate  in  their  progress  further  and 
further  asunder,  as  the  radii  of  a  circle  do 
from  its  centre. 

DODECAHEDRON.— See  RAomlnu. 

DOOM ATISM— See  EmpirieaL 

DOUBLE  REFRACTION.— See  R^rac- 
tion, 

DUPLICATE  RATIO.— See  RatiOy  Com^ 
pound. 

DYNAMICS  (Greek,  dynamiM,  force)  it 
that  division  of  the  science  of  mechanics 
which  considers  bodies  as  acted  upon  by 
forces  that  are  not  in  equiiibrio.  It, 
therefore,  treats  of  bodies  in  motion. — See 
EquiiJtrium. 

DYNAMETER  (a  Greek  compound  signi- 
fying  a  measurer  of  power)  is  an  instru- 
ment so  contrived  as  to  measure,  with 
accuracy,  the  magnifying  powers  of  mi- 
croscopes and  telescopes.  It  is  described 
at  page  11  of  the  treatise  on  Optical  In- 
ilrumentf. 

EBULLITION— See  Boiling. 

ELASTICITY  (from  a  Greek  word  signi- 
fying  to  puth^  or  drive  back)  is  that  qua- 
lity of  a  substance,  whether  solid  or  fluid, 
by  which,  when  compressed,  or  when 
forcibly  expanded,  it  endeavours,  in  either 
case,  to  reassume  its  former  bulk. 

ELASTIC  FLUIDS.—SeeF/tfiV&and  Ga$. 

ELECTIVE  ATTRACTION.— See  Che- 
mical  Attraclion. 

ELECTRICITY.  If  a  dry  piece  of  amber 
be  rubbed  by  the  hand,  it  will  acquire  the 
property  of  alternately  attracting  and  re- 
pelling light  bodies,  such  as  bits  of  straw, 
paper,  or  feathers.  This  power  continues 
only  iior  a  thort  time,  when  it  becomM 


exhausted  and  ceases  to  act.  If  the  expe* 
riment  be  made  in  the  dark,  sparks  of 
light  will  be  observed,  passing  between 
the  light  bodies  and  the  ami&r.  Glass 
and  several  other  substances  have  similar 
properties ;  and  the  collection  of  pheno- 
mena which  have  been  observed  concerning 
them  is  called  eleetricity,  from  the  Greex 
eledrony  amber.  Bodies  that  are  capable 
of  being  endowed  with  this  power  of 
attraction  and  repulsion  and  the  emission 
of  light  are  termed  f/ee/Wet.  They  are  said 
to  be  excited  by  the  friction ;  and  a  ma^ 
chine  contrived  to  produce  this  eaeilaiioit 
in  an  easv  and  rapid  manner,  by  means 
of  a  peculiarly-oonstructed  cmMmii,  called 
a  rubber,  is  an  electrical  machine.  Bodies 
that  are  not  excitable  by  such  means  are 
nonelectric, 

ELECTRIC  FLUID.  In  order  to  ac- 
count for  the  various  phenomena  of  elec- 
tricity, it  has  been  supposed  that  there  is 
a  subtile  fluid,  identiciEd  with  lightning, 
which  pervades  the  pores  of  all  bodies, 
and  is  capable  of  motion  from  one  body 
to  another.  When  the  natural  quantity 
belonging  to  a  particular  body  (then  said 
to  be  Maturated^  is  increased,  that  body  is 
said  to  be  posit tvely  electrified;  and,  when 
that  quantity  is  diminished,  it  is  nego' 
lively  electrified.  These  two  states  have 
also  been  called  plus  and  minms  electricity; 
and  the  former  being  obtained  from  glass 
and  the  latter  from  sealing-wax,  the  two 
are  sometimes  distinguished  by  the  terms 
vitreous  and  resinous  electricity, 

ELECTRICITY,  ANIMAL.— See  Go/. 

^ ,  VOLTAIC— See  Go/- 

vanism* 

,  POSITIVE  AND  NE- 
GATIVE.—See  Electric  Fluid, 

~,  RESINOUS  AND  VI- 


TREOUS.—See  Electric  Fluid, 

ELECTRICS  AND  NON-ELECTRICS. 
— See  Electricity, 

ELECTRICAL  BATTERY.— See  Leyden 
Phial, 

ELECTRO -MAGNETISM  is  a  science 
which  comprehends  the  phenomena  shew- 
ing the  connexion  between  Electricity 
and  Magnetism. 

ELECTROMETl^R,  an  instrument  used 
for  ascertaining  the  quantity  and  quality 
of  the  electricity  in  an  electrified  body. — 
See  Index, 

ELECTROSCOPE,  an  instmment  for  ex- 
hibiting the  attractive  and  repulsive  agen- 
cies of  electricity.— See  Index, 

ELIXIR  VITiE.— See  Alchemy, 

ELLIPSIS.— See  Cone  and  Conic  Sections.  . 

ELLIPSOID.— See  Conoid  and  Spheroid. 

EMERALD.  The  emerald  is  ranked 
among  the  gems,  and  is  now  found  only 
in  Peru.  It  is  of  a  green  ooIooTi  rather 
harder  than  quartz,  and  always  in  en^ 
tals,  which  ace  tranAwwrnx  ^aoA.  ^B&«t«Sk) 
transp«c«iiU    N<fVM\  Vik  ^giMt 
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»  varfotj  of  tha  cnmld,  of  a  ptitr  green, 
frsfooKdr  pMdag  Into  Uim^  antf  ii  wnch 
|an  pffiaaa.  It  U  fiimiid  in  TaifoM  oonn- 
trii^  Mmednios  In  Boocfamd.  Tlie  ane. 
fnM  of  Arwrirte  a  HBWiMrfMe,  which  MS. 
nCPIEICAL  (OfMk  em,  and  jMrw,  I  try) 
iorignitw  any  MMrtloti  or  act  which  it 
mmSb  or  done  tt  an  esperiflBont,  Indepen- 
dentiy  of  hypotfaoiis  or  theory.  The  term 
fagenenJiymedlnabedeeine;  emelany 
in  the  icienoB  of  medidne,  in  which  an 
iwyinV  ii  lynooimoua  with  a  f—dl.  Tlie 
•mplrio  ii  eoppoeed  to  set  up  liia  own 
■liort4lTed  experience  to  tlie  collected 
knowledge  of  agei,  wltichit  nndentood  to 
guide  the  reBol^  practitioner ;  and 
whUh  die  empurie,  in  hit  tarn,  Tiliflet  by 
the  name  of  tbgmaiitm,  a  Greek  dcrira- 
tira,  denoting  a  fixed  and  poiitire  opinion. 
lUATlONOP  A  CUR^nL-See  Qmie 


SXHAUSIBD  RBOXTTBL-^ln  1%. 


BXPAirSIBILrnr.-See  Gket.  L 
FAHIUBNHBITS  THB1UIOMSTX&- 

SeeGknal. 
RLDfiPAlL-Jto  Qlfloik  I. 
FIRST,  or  FBIlf  B   MOVER,  in  media- 


BQU^I 


BODATOR,  BIAONBTia— See  Z%% 

BQUILIBRIUM.  When  two  or  more 
rareeib  acting  upon  a  body,  ere  lo  <mpoeed 
to  eain  other  that  the  bodv  remaJhs  at 
leit,  eltluMigfa  either  woold  move  it  if 
acting  alone,  tlioie  ibroes  are  said  to  be 
«i  ef^Mrm,  wliidi  ii  a  Latin  term  i%ni- 
fjyiiAr  eeigiihr  bahmeed, 

BRIOMBTm,  an  instrument,  invented  by 
Dr.  Toung,  for  the  purpose  t^  measuring 
the  diameters  of  minute  fibres.  It  is  de- 
scribed in  tlie  treatise  on  Optict,  pp.37, 88. 

STHER.— See  Air,  Etkereat, 

— '  (in  chemistry)  is  the  name  of  an 
extremely  volatile  liquid,  formed  by  tlie 
distillation  of  some  one  of  the  adds  with 
alcohol.  There  are*  of  course,  several 
modes  of  production,  according  to  the 
acid  employed ;  as  nitric  elher,  Mulphuric 
etheTy  Ac. ;  but,  when  well  rectified|  the 
ether  is  the  same  whatever  add  has  been 
employed. 

EUCLASE,  a  scarce  spedes  of  emerald,  re- 
markably brittle;  and  hence  its  Greek 
name. 

EVAPORATION  is  the  conversion  of 
water  or  other  liquids  into  vapour  or 
steam,  whidi  becomes  dissipated  in  the 
atmosphere  in  the  manner  of  an  elastic 
fiuid.  When  the  evaporation  is  sponta- 
neous, that  is,  at  an  ordinary  tempera- 
ture of  the  atmosphere,  and  without  arti- 
fidal  heat,  it  is  commonly  called  exhata- 
tioHf  whereas  evaporation  is  often  under- 
stood to  be  produoMl  aztiftdally,  and  pre- 
ceded by  boiUng. — See  JBoiiing^  Steam^ 
and  Vapour, 
EVOLUTE  OF  A  CtTRVE.— See  Citrvet, 
EXCENTRICITY.  The  distance  between 
the  foci  of  an  ellipsis  is  called  its  excen- 
tricity  and  sometimes  itMcUipticitg.  It 
i«  in  this  way  that  we  spoik  of  the  excen- 
^y  of  theorbltaoiiba^VukeXa^VSLdi 

Seed  to  moive  \n  tSldniM. 
ION^--8w  filectrwily. 


FIXBD  ALKALIBS^— Sea  .^tfiidC 

FLUID,  BLBCTUO— See  Bkeinc  PImi 
,    If  AGNBnC.  —  See     Mmmhe 
Fimd. 

FLUIDITT.--8ee  Gkm  L 

FLUIDS,   BLA8TIC,   N(ni^BLA9nC, 
Ae^-4toe  Oloia.  L 

FLY.W&EEL.— See  Gloii.  L 

FOCUS.— See  Glnei.  I. 

RBFRACTBD  AND  GBOMS. 

TRIOAL.  The  point  In  which  the  rsys 
of  light  (according  to  dielr  known  lavs) 
ought  to  be  eonoentnted,  when  laluud 
from  a  eonoave  mlzvar.  or  rrfrKtsd 
tilrollghalem^lster^ledthe  emmtrioal 
P^emi  that  in  which  tl 
fioond  is  tlie  Reflnaeied 
fod  are  separated  from  mam  another  in 
proportion  to  tlie  degree  ioi  igherical 
aberration. 

FORCE.— See  Gloae.  I. 

CENTRIFUGAL.— See  Ctatri- 

->  CENTRIFBTAL.  —  See  Cfaii^ 


petoi, 

DIRECTION  OFw— See  GIok.1. 

COMPOSITION.— See  Gkiss.1. 

ACCELERATION    OF. -See 

Acceieration, 

— — — .  DIRECTIV£.--SeeJtf«^iie/#,^r^ 

tiJlciaL 

FORMULA,  a  short  general  form,  or  ru1^ 
easily  to  be  remembered^  directing  how 
certain  things  may  be  done.  The  word 
is  a  Latin  diminutive,  and  has  often  the 
plural ybreiMAe  in  place  otJormmioM. 

FREEZING-POINT.— See  Gloss.  I. 

FRICTION.— See  Gloss.  L 

FRIGORIFIC— See  Gloss.  I. 

FULCRUM.— See  Aever  and  Baiamee, 

FUSION.— See  Gloss.  I. 

GALVANISM,  so  named  after  its  diMO- 
verer.  Professor  Galvani  of  Bologiia, 
^'  includes  all  those  electrical  pheno- 
mena, arising  from  the  chemical  agency 
of  certain  metals  with  different  fluids*.** 
Volta  discovered  the  means  of  multiplying 
those  effects :  hence  the  science  has'abo 
been  called  Fottaitm  ;  and  (from  its  action 
on  the  muscles  of  imlmf^iif  newly  lulled) 
AniwuU  Eiedridty. 

GALVANIC  CIRCLE.  If,  between  two 
plates  of  different  metals,  a  fiuid  beint6^ 
posed  which  has  a  chemical  efiect  on 
one  of  the  metab,  and  little  or  none  so 
the  other;  and  if  a  communication  be 
made  between  other  parts  of  tlie  pUtei, 
by  means  of  a  conducting  subttanoe  (ai  s 
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wire),  a  continued  current  of  Electridty 
will  be  produced,  through  the  conductor, 
from,  one  plate  to  the  other,  as  long  as 
the  chemical  action  is  exerted.  This  is 
the  simple  Gaivamc  Circle,  A  number 
of  similar  pairs  of  plates,  placed  alter- 
nately with  an  acting  fluid  intenrening 
between  each,  and  the  two  ends  of  the 
series  connected  by  a  wire,  multiplies  the 
effect,  and  is  called  a  Galvame,  or  fW/atc, 
pile.  For  the  construction  of  such  pilet^ 
and  of  haiteriet  of  various  forms,  see 
(JfahttfMm,  Chapters  II.  and  III.  The 
end  of  the  galvanic  pile  which  gives  out 
the  electric  fluid  is  called  the  poniive 
pole^  and  the  other  end,  in  which  the 
wire  terminates,  and  which  receives  the 
electric  matter,  is  called  the  negative  pole 
of  the  pile. 

GALVANIC  PILE.— See  Gahanic  Circle, 

GAS.— See  Gloss.  I. 

GAS£OUS  signifles  that  the  substance 
spoken  of  has  the  nature  of  gas ;  and 
thus  gaseoui  Jiitidt  are  distinguished  from 
other  fluids. 

GAS,  AZOTIC— See  Jzote. 

CARBONIC  ACID.— See  Carbon. 

HYDROGEN.— See  Oxygen, 

NITROGEN — See  JmoIc. 


GEOMETRICAL  PROGRESSION.- 

Proqrettion, 

GLASS  DROPS.— See  Ruperi'a  Drope, 

ANNEALING  0¥,— See  Annealing, 

GLAUBERITE— See  Gloss.  L 

GONIOMETER.— See  Gloss.  I. 

GOVERNOR.— See  Gloss.  I. 

GRAVITY.— See  Gloss.  I. 

CENTRE   OF.    The  centre 

of  ipravity  of  a  solid  body  If  a  point  so 
situated  with  respect  to  it,  that  if  che 
body  could  be  suspended  from  the  point 
in  question,  the  whole  body  would  remain 
at  rest  (with  respect  to  its  tendency  to 
the  earth)  in  whatever  situation  the 
surrounding  parts  may  be  turned.  Thus, 
the  centre  of  gravity  of  a  globe,  if  of 
uniform  density,  is  its  common  centre ; 
and  that  of  a  balanced  l)eam  is  the  pivot 
on  which  it  turns.  See  this  further  illus- 
trated in  the  Popular  Iniroductionsj  pages 
xviii .  zix.  and  xz. 

RELATIVE    AND    SPECI- 


which  is  reckoned  unity,  and  compared 
with  that  fluid,  silver  is  \OJb  and  platina 
2M :  that  is,  equal  bulks  of  water,  silver 
and  platina,  would  have  weights  in  these 
proportions.  In  designating  the  specific 
gravities  of  gases,  the  standard,  or  unity, 
is  atmospheric  air. 

GRAVITY,  LINE  OF  DIRECTION  OF, 
is  that  right  line  which  passes  through 
the  centre  of  gravity  of  a  body  in  a  direc- 
tion towards  tne  centre  of  the  earth. 

GYRATION  (Latin  gyrm^  a  circle)  is 
the  action  of  turning  round  a  centre,  in 
the  manner  of  a  wheel. 

^  CENTRE  OF,  is  a  point  in 

a  revolving  body,  into  which,  if  all  its 
matter  could  be  collected,  it  would  con 
tinue  to  revolve  with  the  same  energy  a 
when  its  parts  were  in  their  original 
places. 

HALO,  ^'a  luminous  and  sometimes  co- 
loured circle,  appearing  occasionally 
around  the  heavenly  bodies,  but  more 
especially  about  the  sun  and  moon." — 
See  Parhelia. 

HARDNESS  is  the  resistance  to  impres- 
sion. It  is  incompretsible,  but  limited  to 
solids. — See  ComprettibilUg, 

HEAT.— See  Caloric, 

,  CAPACITY  FOIU-See    Caloric, 

Capacity  for 

CONDUCTORS   OF.— See    Cbn- 


dudort. 

LATENT.— See  Caloric,  Latent. 

RADIATION  OF.— See  Radiation, 

SPECIFIC— See  Caloric,  Spect/ic, 


FIC  The  comparative  or  relative  gra- 
vities of  different  bodies  towards  the 
earth  are  measured  by  a  general  standard 
called  weighty  and  one  substance  is  said 
to  have  a  greater  specijlc  gravity  than 
another,  when  a  less  portion  of  its  bulk 
is  of  equal  weight  to  that  other.  Thus, 
a  cubic  inch  of  platina  is  nearly  twice  the 
weight  of  a  cubic  inch  of  silver ;  and, 
therefore,  is  said  to  have  double  its  epeci' 
fie  gravity, — the  «peci^c  gravity  of  platina, 
relative  to  that  of  silver,  is  as  two  to  one. 
In  this  mode  of  comparison^  the  gravities 
are  relative ;  but  a  standard  is  assumed 
with  which  both  may  be  conq^ared.  That 
standard,  for  lotida  and  Uq^uds,  is  water, 


HECATOMETRE.— See  Metre, 
HELIX,  the  scientific  name  for  a  spiral. 
HERMETIC  SEAL.— See  Gloss.  I. 
HEXAHEDRON.— See  Rhombus, 
HETEROGENEOUS.— See  Gloss.  I 
HOMOGENEOUS.— See  Gloss.  J, 
HORIZON  is  a  Greek  word  sig^fying  a 
boundary,  and  was  employed  to  denote 
the  circle  in  which  the  apparent  plane  of 
the  earth  terminated  in  the  concave  of 
the  sky.  This  is  now  called  the  tensible 
horizony  to  distinguish  it  from  the  true 
or  aMtronomical  horizqn,  which  is  parallel 
to  the  sentible,  but  is  conceived  to  be  a 
plane  passing  through  the  centre  of  the 
earth  and  dividing  the  whole  celestial 
sphere  into  the  upper  and  lower  hemi- 
spheres. That  the  ancients  believed  the 
earth  to  be  an  extended  plain  is  obvious 
from  the  words  which  they  employed  in  its 
description.  They  believed,  too,  that  it  was 
longer  from  east  to  west  than  from  north 
to  south :  calling  the  former  its  length 
and  the  latter  its  breadth^  and  hence  we 
have  our  terms  longitude  and  latitude. 
A  line  or  plane  in,  or  parallel  to,  the  hori- 
zon, is  horizontal.  Planes  passing  through 
the  nenith  (or  point  which  is  iirecdv 
over  onr  head)  and  the  centre  of  the  earth 
are  called  vertical  planet ;  and  the  cirdes 
in  the  heavens  marked  hrj  vosSci.'^^aK&Miwc^ 
vvrHtal  circlet)  w  owmmiIu.    KfiL^QoMA 
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GudM  ent  ib0  borboii  at  zichtn^; 
and  it  it  in  an  arc  of  oo«  wnldi  paiMi 
throDgk  a  star  that  the  mliUude  of  the 
■tarafcrethehoriaoniamiinrMt  The 
vertical  drde  which  paiMi  thnmghthe 
piaoe  of  the  ran  at  Bocm,  ODti  the  horiioa 
at  the  north  and  ioalhpolnti>  and  is  called 
the  tmeridiM  of  the  pbm  where  it  it 
rappoted  to  be  drawn.  Any  other  vertical 
plane  which  may  be  imagined  to  pan 
through  the  aim,  or  a  itar,  when  not  in 
the  meridian,  wiU  make  an  angle  with 
tlie  plane  of  the  meridian,  whidi  wiU  be 
measured  by  the  portion  of  the  circle  of 
the  horiaon  which  it  cuts  off  to  the  east 
or  west  of  that  meridian.  Tliis  am^  or 
portion  of  ^  circle  of  the  horiion  is  caDed 
the  Aziwmtk  cS  the  smii  or  star,  at  that 
time  and  place.  The  Magnetie  Meridum^ 
as  pointed  oat  by  the  MmrmerU  C^wtpam^ 
differs  from  the  true  (or  real  north  and 
south)  by  the  amoont  cu  the  FmrmHem  9, 
the  Compost,  and  so  does  the  apparent  or 
M^iuttetU  Asiwmth,  Tht  JMumUh  Cam- 
pasa  is  constructed  so  as  to  find  easily 
the  msgnetiesl  aamath. — See  Migmetitm, 
iiagcs  A,  M— 7S>  An  aich,  intercepted 
between  the  east  or  west  point  of  the 
horiaon,  and  the  p<nnt(ofthesamecirde) 
of  the  rising  or  setting  of  the  san  or  of  a 
star,  on  any  particular  day,  is  called  the 
AmpiUude  of  the  sun^  or  star,  for  that 
day.  The  distances  of  the  points  of 
rising  or  setting  from  the  east  and  west, 
as  shown  by  the  compass,  u  \ix.e  Magitet^ 
cal  Ampiitude, 
H  YACINTIL— See  Zimtm. 

HYDRATES.  Chemical  compounds,  par- 
ticularlv  salts,  which  contain  water  as 
(»ne  of  tLeir  ingredients,  have  been  termed 
Hydratet.  If  water  is  not  a  constituent, 
they  are  said  to  be  Anhydrout :  a  Greek 
compound  which  signifies  witkxmt  water, 

HYDROUS,  watery,  or  containing  water 
in  its  compf)sition. 

HYDROGEN.— See  Oxygem, 

11 YGROMETER,  an  instrument,  of  which 
tliere  are  various  forms  of  construc- 
tion, for  measuring  the  reUitive  degree 
of  moisture  which  exists,  at  any  par- 
ticular time  and  place,  in  the  atmos- 
phere. 

HYPERBOLA.— See  Cone,  and  Cbatc  See- 
iions* 

flYPERBOLOID.— See  Conoid. 

HYPOTHESIS.— See  Induction, 

ICELAND  SPAR.— See  CeJcareout  Spar, 
and  Spar, 

ICOSAHEDRON.— See  Ehombut, 

IDOCRASE,  a  name  sometimes  given  to 
Fctuvian^  which  see. 

IMPENETRABILITY.— See  Gloss.  I. 

IMPULSE.— See  GIors.  L 

INCIDENCE,  POINT  OF.— See  Gloss.  I. 

(NCOMMENSURABLE.-See  Ratio, 

INSTRUMENT.— See  Machine. 

INDEX  OF    &&¥UM:r£lOl!l<-8Qi&  Re- 

yhw/rvepoioer* 


INDLUf  aUBBEBw— See 

INDUCTION,  in  philooophj,  is  the  ca;- 
leedng^  or  briqging  into  one  fbcns,  a  mol- 
titnde  et  obMnrationa  on  any  partfeohr 
mllfect,  end  drewinc  ooodoaieas  torn 
an  imamination  and  general  nrvfT  af 
theiHiele.  It  is  the  opposite  of  JSi|pa> 
/Asm,  whidi  is  to  lay  down  a  thavy  it 
the  outset,  and  trusting  to  fntnn  c^IbI* 
meata,  or  eiample,  lor  ita  proot 

'  IN  ELECIBICITr  b  ^t 

efRBCtofaniasHfatod  electrified  body  lAUk 
tends  to  produce  an  opposite  deetriesCMs 
in  ne^^ibouring  bodies. 

IN  MAGNETISM  is  anJo- 

gOQS  te  electric  induction;  fir  ilb«ra- 
tions  of  which  eee  JTiyMiisas  ps«  4. 

nVERTIA^Sce  Fu  tmertim. 

INFLAMMABLE  AIR.-See  Qnma. 

INFLEXION  OF  UOSTw--8ee1G^ 

wB0Ma 

INSULATION.— See  CHom.  I. 
INVERSE  FROPO&TION,  orSATIOw^ 

See  Raiiom 
INVOLUTE  OF  A  CURVK-See 
IRON,  CARBURET  OF^ 
ISOCHROMATIC,  ftc— SeeGkss.  L 
ISODYNAMIC,  haviuff  eoual  peeer. 
JARGON.— See  Zireotu 
LATENT  HEAT.— See  Cakrie. 
LAW  OF  THE  SINBa— See  JE^KmIws 


LENS  POLTZONAL^-Soe 

LEVEL.— See  GUns.  t. 

LEUCOCTOLITE,  a  name  given  to  ava 
riety  of  .^popAyMi^e,  which  see. 

LEVER  (Latin  ievare^  and  French  i^ser, 
to  lift,  or  raise)  is  one  of  the  medisninil 
powers.  It  is  an  inflexible  bar«  snpportsd 
and  moveable  in  one  point  of  its  length 
on  a  pivot,  or  prop,  called  the  /Wbvn. 
One  end  of  the  lever  is  applied  to  the 
weight  to  be  raised,  while  a  force  ik  sp- 
piled  to  the  other  end.  The  power  </ 
this  instrument  depends  on  theinoportioo 
between  the  lengths  of  the  parts  of  the 
lever  on  each  side  o£  the /Mlermmr—See 
Ba/anee. 

For  a  plain  account  of  the  different  kinds 
and  applications  of  levers,  see  Popdtr 
InlroductionSf  pages  zx. — ^xxiv. 

LEYDEN  PHIAL.  The  Leyden  PJkml.w 
Leyden  Jar,  (so  called  because  it  was  first 
constructed  in  that  city,)  is  a  cylindrical 
glass  vessel,  coated  to  a  certain  heiglit, 
inside  and  outside,  with  some  oonductio; 
substance,  which  is  capable  of  bein; 
charged  with  electriod  fluid,  accumulated 
for  various  experiments.  A  combinatioo 
of  such  phials  u  an  eleetrieai  hmltery. 
See  those  words  in  the  Index  for  mors 
complete  explanation. 
LIGHT,  RAYS  OF  REFLEXION  OF, 

Ac.— See  GHoss.  L 
LIGNUM  NEPHRITICUM  (Utin  fir- 
fiKOT,  wood,  and  Greek  mepkroty  a  kid. 
ney)  is  a  bitter  tasted  wood,  so  called 
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reign  remedy  in  nephriiitf  or  inflammap 
Uon  of  the  kidneys.  It  is  chiefly  im- 
ported from  Mexico.  The  wood,  when 
cleared  of  its  bark,  is  of  a  dirty  yellow 
colour ;  but  its  infusion  in  cold  water  has 
a  sky-blue  tinge,  when  viewed  by  a  false 
light,  and  a  gold  colour  by  a  true  one. 
A  small  portion  of  any  acid  being  mixed 
with  the  tincture,  both  these  colours  dis- 
appear ;  but  the  sky-blue  may  be  restored 
hy  means  o^  potash. 

LIMIT.— See  Gloss.  I. 

LIQUIDS, and  LIQUIDITY.-See  GUms.!. 

liOADSTONE.— See  Magnet,  Native, 

>I  A  CHINE  (Latin  maehina^  a  frame  or 
contrivance).  Any  complication  of  arti- 
ficial bodies  acting  upon  one  another  by 
contact,  through  the  medium  and  motion 
of  which  any  effect  is  produced,  is  a  ma- 
chine. The  initial  force  which  puts  the 
machine  in  motion  is  called  the  Fint 
or  Prime  vwv^r.  The  point  at  which  that 
force  is  applied  is  the  Acting  point  ;  and 
that  in  which  the  effect  is  produced  is 
the  Horking  point :  the  machine  being 
the  medium  through  which  the  power  is 
transferred,  and  by  which  it  is  modified 
so  as  to  answer  the  intended  purpose. 
When  a  simple  body  is  the  medium  be- 
tn'cen  the  acting  and  the  working  points, 
it  is  an  Instrument, 

MAGNKTIS.M  "  is  that  peculiar  property 
occasionally  possessed  by  certain"  bodies 
(more  especially  by  iron  and  some  of  its 
compounds),  whereby,  under  certain  qir- 
cumxtances,  they  mutually  attract  or  re- 
pel one  another,  aceording  to  determinate 
laws." 

BIAGNET,  NATIVE,  or  LOADSTONE, 
is  an  ore  of  iron,  found  in  the  iron  mines 
of  Sweden  and  other  places. 

MAGNETS,  ARTIFICIAL,  are  made  of 
small  bars  of  iron  or  steel,  which,  when 
placed  at  perfect  liberty,  turn  one  end  to- 
wards the  north,  and  the  other,  conse- 
quently, in  a  southerly  direction.  These 
two  points  are  termed  the  North  and  the 
South  Poles  of  the  magnet ;  and  a  line, 
supposed  to  connect  these  points,  is  its 
Axis,  The  tendency  to  acquire  a  direc- 
tion nearly  north  and  south  is  its  Pola- 
rity, Either  i>ole  of  the  magnet  attracts 
iron.  S'ight  poles  formed  at  irregular 
points  of  the  bar,  and  which  tend  to  dis- 
turb the  attraction  of  the  real  ones,  are 
termed  Consecutive  poles, 

MAGNETIC  CURVES.  For  the  forms 
of  these  curves,  and  diagrams  illustrative 
of  their  properties  see  Magnetism,  pages 
19—22. 

MARINER'S  COMPASS,  a  well-known 
instrument,  consisting  of  a  small  mag- 
netic bar,  called  a  needle,  poised  on  its 
centre  of  gravity,  so  as  to  be  enabled, 
with  the  greatest  ease,  to  turn  every  way 
in  an  horizontal  direction.  After  a  few 
ribrating  motions,  daring  which  it  is  said 
to  iravengy  the  neadle  tSkm  its  dirwtion 


nearly  north  and  south,  which  direction 
is  said  to  be  in  the  plane  of  the  Magnetic 
Meridian  of  the  place  where  the  compass 
happens  to  be.  The  true  Geographicnl 
Meridian  is  a  plane  passing  through  the 
zenith  and  the  poles  of  the  earth.  The 
angle,  which  the  magnetic  meridian  is 
east  or  west  from  the  geographical,  or 
true  north  and  south,  is  different  in  dif- 
ferent places  and  at  different  tiroes  ;  and 
this  is  called  the  Pariation  of  the  Com* 
pass, — See  Dipping  Needie. 

MAGNETIC  FLUID  is  a  hypothetical 
fluid,  by  which  the  phenomena  of  mng- 
netism  have  been  accounted  for.  Some 
have  supposed  two  such  fluids,  a  Boreal 
or  northern,  and  an  Antral  or  southern. 

MASS  (of  matter).— See  Volume, 

MAXIMUM.  In  a  variable  quantity  or 
effecty  that  quantity  or  effect  which  is  the 
greatest  pottible^  under  the  circumstances 
in  which  it  is  placed,  is  termed  a  iiiaj>i- 
mum.  Thus,  in  respect  to  the  sails  of  a 
windmill,  they  may  be  placed  at  any 
angle,  but  there  is  one  angular  direction 
on  which  the  wind  will  have  more  power 
than  on  any  other,  and  this  is,  therefore, 
termed  a  maximum.  There  are  other 
cases,  in  which  we  seek  for  a  minimum, 
that  is,  the  least  possible, 

MECHANICS  is  that  science  which  in- 
vestigates  the  nature,  laws,  and  effects  of 
motion  and  moving  powers. 

MECHANICAL  POWERS  are  the  simple 
instruments  or  elements  of  which  every 
machine,  however  complicated,  must  be 
constructed  :  they  are  the  Lever,  the 
Wheel  and  Axle,  the  Pulley,  the  Inclined 
Plane,  the  IVedge^  and  the  Screw, 

MELTING  POINT.  That  point  of  the 
thermometer  which  indicates  the  heat  at 
which  any  particular  solid  becomes  fluid, 
is  termed  the  melting  point  of  that  solid. 

MENISCUS  (Greek  mene,  the  moon)  a 
lens  which  is  concave  on  one  side,  and 
convex  on  the  other ;  and  so  called  be- 
cause it  rmemhles  the  appearance  of  the 
new  moon. 

MERIDIAN,  MAGNETIC— See  Man- 
ner's Compass. 

METALS,  annealing  of. — See  Annealing, 

METAPHYSICS.— See  Physics, 

METRE.  A  metre  is  the  French  stendard 
measure  of  length,  equivalent  to  39.37 1 « 
or  very  nearly  39|,  English  inches.  The 
French  measures  ascend  and  descend  in  a 
decimal  progression.     Thus, 

Enf^liKh  Tnchet. 
A  Millimetre  is     .     .    .      .03937 
Centimetre  .     :    .    .       .39371 
Decimetre    ....    a93710 

Metre 39371 

Decametre    .     .    •     393-71 
Hecatometre     .    .    3937-1 
Chillometre .    .      39371 

&C. 

MICA  is  a  mineral  of  ▼arlcta%  cs^Q<Qx\.^\fQ^ 
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bsplamahon  of  aciSNtino  xxbmm. 


im  rmj  thin  platai,  tlmmgh  quarts*  ftld- 
ipw,  andoCMr  fotnli;  Bot  it  It  ako 
found  in  the  form  of  priamtie  eryi- 
tfth.  It  ooMtitntetnprindptl  ingredient 
in  many  of  whes  are  tamed  primltire 
roeki.  The  platei  are  loaMtimee  larrn 
(a>  mndi  aa  eioliteen  inchee  diameter), 
and  extremely  ttdn.  They  are  employed 
in  Bnnia  for  windoar-panea ;  and,  in 
that  ttate,  are  oaUed  UnMoef  Giam. 

MILLIMSTaE.--fiee  JMre. 

MINERAL  ALKALLr-See  AikiiL 

MINIMUM.— See  Mojrmmm, 

MIRRORS,  PLANE,  CONCAVE,  and 
CONVEX^-SeeGhMi.  L 

MOCUO  STONB^-See  Apa^. 

MOLECULE  ia  a  diminntiTe,  formed 
from  the  Latin  fliolif,  a  nuM,  and  denoiei 
one  of  the  ndnnte  pertidm  of  wlddi  the 

from  if/eatf  fai  thk,  ^at  thij  are  nerer 
considered  hot  at  portions  of  tome  aggre- 
gate An  Atom  (from  the  Greek  «  pnva* 
dve,  and  f  mme,  I  eut^  it  aooonnted  at 
one  of  the  simplmt  parndet  in  natoxe, — 
what  it  incapaue  of  fnrUier  division. 

MOMENTUM,  or  MOMENT,  Uiheim- 
petot,  or  force  of  a  moring  body.  The 
comparative  momenim  of  bodiet  are  in  a 
compoand  ratio  of  their  quantity  of  mat- 
ter and  their  Telocity :  ^ati%  they  are 
in  proportion  to  the  prodnctt  of  the  mat- 
ter ahd  Telocity,  wkm  eMftrmtd  m  aam- 
bcr$.  Than  a  ball  of  fonr  poandt  weight, 
moving  tmifomUtf  at  the  rate  of  eighteen 
feet  in  a  second,  would  have  double  the 
momentum,— that  it,  it  would  strike 
against  an  object  with  twice  the  force 
that  a  ball  of  three  pounds  weight,  mov- 
ing at  the  rate  of  twelve  feet  per  second, 
would  do  ;  because  the  first  product  (4 
multiplied  by  18)  is  double  that  of  3  mul- 
tiplied by  12.  Af omentum  is  the /oree  of 
percumon. — See  Percuuion* 

MOONSTONE.—See  Feidtpar. 

MOTION  is  the  passing  of  a  body,  or  any 
parts  of  a  body,  from  one  place  to  an- 
other :  we  say  partt  of  a  body,  because 
in  the  cases  of  a  globe  turning  on  its  axis, 
or  a  wheel  revolving  on  a  pivot,  the  parts 
of  the  body  change  their  situatiooi  while 
the  bodies  themselves  are  stationary. 

MOVING   POWER— See  jPbwffr. 

MUSCOVY  GLASS.— See  Mica, 

NATIVE  MAGNET^-See  Magnet, 

NEGATIVE  ELECTRICITY.— See  Eleo- 
trie  Fluid. 

NITRIC  ACID^See  Agote. 

NITROGEN.— See  Asote, 

NON-CONDUCTORS.— SeeE/w/ricF/mV/. 
NON-ELECTRICS.— See  Electrinitv. 
NON-ELASTIC  FLUIDS— See  d<v  and 

Liquids, 
NONIUS.— See  remier^M  Seole. 
OBLATE  and  OBLONG  SPHEROIDS. 

-—See  iSpA^roMC. 

(TUSE  ANGLE.— &ee  Am^, 

TAHEDRON^— Sea  RhonOmt. 


OCULAR    8FIGTBA.--8M 
CUstfft. 

OPACrrr  (LaHa  ^pnam^daA) ,  a 
parriooa  to  light. 

OROINATX,  of  an  EU^^ 
«igptvpeiai(^"«ea  i^eiBio 

OSCUJUITION  (Latin, 
h%)  it  partieiilailj  aaplsed  to 
the  mooiDa  of  n  pMdatam. 

^   CEMTRS   OP.   *r^ 

centre  of  otdlktion  in  n  pcndnlaot  btij 
it  a  point  in  the  Hue  pairing  ihiiwgh  tht 
oentniof  ao^OMiaa*  and  tba  eanbecl 
gravi^.  If  all  tha  aMtter  of  the  Mf 
eonld  be  coQactad  in  liiat  pointy  any  ftm 
i^pUed  there  would  gpuesnte  the  tiae 
angular  Tdodty,  in  n  giTan  thtm,  tt  the 
tameforee  would  ganento  in  the  tiae 
timOfhyaetingaiimlnriy^atthe  eintntf 
gravity  of  the  prnidnhnn,  wlMn  all  At 
partt  thereof  are  8itllatedlntlMirIa^pt^ 
tiveplaott.'*  Thit  point  diffnfrtm tht 
Gtafnf  ^  Qfknafte,  beoanie  the  BDMliea  tf 
the  body  it  produoed  by  tha  cnrityef  iis 
own  lartioiei,  whereea  In  gjftfaw,  tht 
body  itpot  inmotkm  by  tfatlhar  hne, 
aedng  at  one  plaee  only^    Bm  Cmtn^ 


OVALS.  Iheia  Hgnrea  hnre  diete 
from  thair  retrnnWance  to  the 
teetion  of  an  egg,  Latin  taati  SQittBi 
are  oralt  whidi  are  Idrmedliy  a  flaBodlvr, 
hot  tba  latter  It  apopiUartarm  firtny 
corred  figure,  approaehing  to  that  tfaapt. 
The  carpenter's  oval,  for  example,  is  made 
up  of  circular  arcs,  that  unite  withoot 
losving  any  angular  appearances  at  their 
junctures. 

OVALS  OF  DESCARTES.  These,  though 
not  Ellipses,  are  governed  by  a  determi- 
nate law,  which  constitutes  them  at  va- 
rieties of  that  curve.  As  in  theEUipM 
the  two  lines  drawn  from  the  fitd  to  anr 
point  ci  the  drcumferenoe  vary,  to  that 
the  increment  of  one  ahall  always  be 
equal  to  the  simultaneous  decremeotof 
the  other;  so,  in  the  Carieaum  Otmlt^ 
these  increments  are  in  an  inTariable  ra- 
tio. '^  These  curvet  may  thoefore  bs 
defined  the  ioeu»  (place)  cf  the  vertex  cf 
a  triangle,  on  a  given  base,  one  of  whoss 
sides  bears  a  given  ratio  to  the  sum  or 
difference  of  a  given  line  and  the  other 
side." 

OVERSHOT  WHEEL.— See  fFtter- 
Wheel, 

OXYGEN,  or  OXYGEN  GAS,  is  thst 
portion  (something  more  than  a  fourth^ 
of  the  atmospheric  air,  whidi  is  capable 
of  supporting  flame,  and  is  essential  to  the 
respiration  of  animals.  Oxygen  is  gene- 
rally diffused  throughout  nature,  but  al- 
ways in  combination  with  other  sub> 
stances.  United  with  Hffdrogen,  Gat  (Ah 
ftammahie  Air)  it  forms  water.  It  was  st 
one  time  tuppoted  to  be  a  neeeetary  io- 
%;c«di«ut  in  the  oompoaltion  of  all  addi; 
%&i^\«nns  >tn  laaEHb^  V^dt^  U  derivei 
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fttmi  the  Greek,  end  ngniftet  a  gmuraior 
ofwomn  I  but  adds  hi^  been  since  dis- 
covered, which  contain  no  oxygen.  It 
unites  with  metals  and  other  sabstances 
daring  their  combustion,  and  forms 
Ojtidet^  what  were  formerly  called  Caieet. 
Hence  we  say  that  those  substances  are 
OjndahUy  and  speak  of  the  Ottidei  of  iron, 
of  lead,  &c. — See  De-osydation. 

PARABOLA.— See  Otnt  and  Ckmo  Seo- 
tiotu, 

PARABOLOID.— See  Conoid. 

PARALLEL  LINES^When  two  straight 
lines,  in  the  same  plane,  are  so  directed 
that,  however  much  they  might  be  length- 
ened, they  would  never  approach  nearer 
to,  nor  recede  from  one  another,  they 
are  said  to  be  parallel. 

PARALLELOGRAM  is  a  righUined  and 
four-sided  figure,  whose  opposite  sides  are 
parallel,  and  consequently  equal.  When 
its  angles  are  rigfat«ngles,  the  figure  is 
usually  called  a  ReetangU  or  Oblong.  If 
all  iu  sides,  as  weU  as  angles,  are  equal,  it 
is  a  Sguare.^^See  Rhombus. 

PARALLELOPIPED— A  parallelepiped 
is  a  solid  having  six  sides,  each  of  which 
is  a  parallelogram,  and  consequently  al- 
ways equal  to  and  parallel  to  its  opposite. 
It  is  a  prism  whose  base  is  a  parallelo- 
gram.— See  Prism. 

PARHELIA,  PARHELIUM,  or  PAR- 
HELION (Greek  para,  near,  and  Aetios, 
the  sun),  is  a  mock  sun ;  an  appearance 
similar  to  the  sun,  which  occasionally  ac- 
companies haios  (See  Halo.)  There  have 
been  sometimes  seen  six  or  seven  of  these 
mook  suns  at  the  same  time,  which,  in 
that  case,  are  denominated  by  the  plural. 
Parhelia, 

PENCIL  OF  LIGHT.— See  Ught,  Ray 
of. 

PENUlfBRA  (Latin  pene^  almost,  and 
umbra^  a  shadow)  is  a  partial  shadow  ; 
that  is,  a  shadow  which  only  receives  a 
portion  of  the  rays  of  a  luminous  body, 
when  that  body  has  a  measurable  diame- 
ter. This  is  well  explained  in  Newton's 
Optics^  at  page  23. 

PERCUSSION,  CENTRE  OF.  Percus- 
sion is  a  forcible  stroke  given  by  a  moving 
body.  In  taking  any  particular  body, 
such  as  a  rod  of  equal  thickness,  held  at 
one  end,  and  swung  forcibly  by  the  hand, 
so  as  to  strike  upon  a  resisting  object,  the 
force  of  the  stroke  will  be  greater  or  less, 
according  to  the  part  of  the  rod  that  shall 
hit  the  object.  There  is  one  point  of  the 
rod  in  which  the  whole  force  of  the  stroke 
is  concentrated,  and  the  resistance  to 
whidi  would  neutralize  the  blow.  That 
point  is  termed  the  Centre  nfpereussiam. 
When  the  percutient  body  revolves  round 
a  fixed,  the  centre  of  percussion  is  the 
same  with  the  Centre  qf  osdUalion^  and 
if  all  the  partt  of  the  pereutient  body  be 
carried  fonrard  with  ihm  same  celerity 
(which  U  not  the  case  of  the  f«idttlam)| 


the  centre  of  percnssioii  it  the  mile  with 
the  eentre  sfgrafritu. 
PERCUSSION,  FORCE  OF.-See  Mo- 
menium. 

PERIGEE.— See  Apogee. 

PERIHELION.— See  Aphelion. 

PERIMETER.  The  length  of  the  whole 
bounding  line  of  any  pUme  figure,  of 
whatever  parts  or  shapes  that  line  may 
consist,  is  termed  the  perimeter  of  the 
figure.  The  length  of  the  bounding  line 
of  a  circle  (and,  perhaps,  of  any  curve 
which  returns  upon  itself)  is  its  dreum* 
ference. 

PERPENDICULAR.— See  Angle. 

PETUNTSE.— See  Feldspar. 

PHENOMENON  (plural  Phenomena)  is  a 
Greek  word,  signifying  an  Appearance, 
and  is  limited,  in  our  language,  to  denote 
those  appearances  in  nature,  whether  dis- 
covered by  direct  observation  or  experi- 
ment, for  which  there  is  no  obvious 
cause.  An  Hypothesis  is  an  assumed 
cause,  by  which  we  endeavour  to  account 
for  a  particular  class  of  phenomena  ;  and 
that  hypothesis  is  best  which  solves  the 
greatest  number. 

PHLOGISTON  (from  the  Greek  phlego,  to 
bum)  is  a  name  given  by  the  older  che- 
mists to  an  imaginary  substance,  which 
was  the  principle  of  inflammability.  Ac- 
cording to  them,  every  combustible  body 
was  formed  of  an  incombustible  base, 
united  to  this  phlogiston,  which  escaped 
into  the  atmosphere  during  the  combus- 
tion. This  process  is  now  attributed  to 
the  union  of  certain  known  substances 
(chiefly  oxygen),  which  are  therefore 
called  Supporters  of  Combustion. 

PHOTOMETER  (Greek  pAof,  light,  and 
meiron^  a  measure)  is  an  instrument  for 
measuring  the  different  intensities  of 
light.  These  instruments  are  variously 
constructed  ;  but  those  of  Rumford  and 
Leslie  are  the  most  generally  known. 

PHYSICS  (Greek  physis,  nature)  is  that 
science  which  is  employed  in  observing 
the  phenomena,  and  investigating  the 
constitution,  powers,  and  effects  of  the 
several  bodies  in  nature.  Aristotle,  that 
celebrated  Greek,  whose  writings  formed 
the  text-books  of  the  schools  for  so  many 
centuries,  after  having  treated  of  Phy- 
sics, or  Nature,  added  certain  disquisi- 
tions, concerning  Being  in  general,  the 
Soul  of  Man,  and  the  Deity.  These  wero 
termed  his  Metaphysics  (ni«la,  beyond), 
because  they  were  distinct,  or  beyond 
what  he  understood  by  Physics,  or  Na- 
ture. 

PlI^,  GALVANIC,  or  VOLTAIC— See 
Galvanie  Circle, 

PISTON.— See  Gloss.  I. 

PLANE,  TANGENTIAL — See  Tiu^ent. 

,  HORIZONTAL.— See  Horizon. 

,  VERTICAL.— See  Horison. 

PLUMBAGO.— See  Garten. 

PLUNtiE&«^-d«e  PislM. 


KKPLANATtON  OF  SCIENTinC  TBftMB/ 


FOINT,  ACTIN0.*-S6e  MmtAme. 

■  BOXLINO.— See  BoUmgpmni. 
FREBZINO.  —  See    FirteMmgi 


nmiMi 


ffoini 


OF  INCIDBNGE.--«ee  JRifow- 


tw€  Powef* 


POLARITY  (of  aiii4giiec>-See  Mtis^, 
AriifittkL 

POLES,  o£aiiiaffiiflt.--SeeAfiiyiiei;Jr«M^^ 

OF  A  GALVANIC  PILE.— See 

Qmhmit  CkreU^ 

POLYHEDRON^— See  AAomAm. 

POLYZONAL  defigxietet,  fiCenUy^wliat 
ii  oompoeed  of  many  swrne^  or  belts. 
The  term  if  applied  in  this  volame  to 
certain  lenMML  oompoeed  of  pieces  united 
in  rings  which  are  therefore  called  /Wy- 
iTtrrts/ TnifCT. 

PORES  (of  mauer.)— See  Folwme. 

POWER  is  that  principle  which  is  capable 
of  efleeting  a  change  in  the  state  or  con- 
dition of  a  body.  When  power  isezerted« 
as  in  mediaitics,  it  is  force,  appJied  for 
the  purpose  of  prodndng  or  pniTentinff 
motion.  In  the  former  esse  it  is  tenned 
a  movmg  ,powerf  or  ybree,  and  in  the 
huter  a  9m$i€dning  power^  wfirct.  Power 
u  iaiemt  force, 

ANIMAL,  or  ANIMATE,  is  the 

power  of  a  man,  or  other  animal. 

INANIBfATE,  is  that  of  «»-, 


Jlrey  wmitTf  or  other  inanimate  bodies. 

MECHANICAL.— See    Meduh 


nieai  Power. 

IN  OPTICS  expresses  the  effect 


producible  by  lenses,  or  other  instru- 
ments, as  magnify  if  iff  power j  healing 
power,  Sfc. 
PRESSURE  is  the  application  of  force  to 
a  resisting  body,  when  that  force  is  in 
continued  contact  with  the  body  upon 
which  it  18  exerted. — See  Impube  and 
Percuttion, 

ATMOSPHERIC— See^/- 

motpheric  Preuure, 

•  CENTRE    OF.     When    a 


tiiat,  had  dM  bodies 

subh  aknifl^  thay  would  hm% 

in  aqoiUbfiamw-^Bae    EfmSynm  wd, 

FSSSinTmVikTVAJs  vsloo- 

TIES.  '^When  a  ayslem  of  materisl 
points,  soUdtad  by  any  foras^  ia  Inefii- 
librium,if  the  aystem  reoeiTe a  ■asHst 
teration  in  ita  poaitioii,  by  ▼inae  of 
whidi  every  point  dewribea  aa  iainiteb 
small  space,  the  sum  of  eacb  foica  mok^ 
pUed  by  the  space  described  by  thepoiBt 
to  whidi  it  ia  implied,  aoooidiaf  le  the 
direction  of  the  force,  is  always  eqasi  lo 
jwro.**  Thb  ia  the  gemermt  priaapie  ef 
virfNof  veiockk9,  refeired  te  at  psfe  S  ef 
MacHAVics,  Treatise  IT. 

PRISM.  A  prism  ia  a  solid  centainsiVy 
plane  figures,  of  which  two  aie  pardld, 
and  the  rest  are  panllelqgtams. 

PRISMATIC  SPECTRUH  ia  tfaeTarioof 
eukmred  aflpearaocf  (Latin  apeclnm) 
which  a  ray  of  iriiite  B^  flridhits  vhea 
separated  by  refraction  duoe^  a  glsa 
pnsm.  The  prism  of  die  optieiaas  ii 
triangular ;  that  ii,  ita  too  ends  are  pa- 
raUd,  eipialaiid  simikr  triaagfes,  aad 
consequently  its  other  fiMi  are  three  pa- 

PROGRKSSION,  in  n  genersl  senss,  is 
merely  going  fwrwmrd^  bat  aa  the  word  is 
undentood,  it  is  presumed  that  tlie  pie* 
grass  is  in  a  determinate  order.  It  is 
)motion  measured  by  eome  scale  whatcrer 
that  scale  may  be. 

ARITHMETICAL,  ii  » 

series  of  numbers,  or  quantities,  in  whicb 
each  term  differs  from  that  which  pre- 
cedes it  by  a  fixMl  numlier,  oi  qusniitj, 
called  the  rolio.  Thus  3,  5,  7i  9,  II,  &c 
is  an  arithmetical  prc^gression  having  the 
ratio,  two;  that  being  the  numbv  by 
which  each  term  differs  from  the  sdjoiu- 
ing  one. 

GEOMETRICAI^  is  s 


fluid  presses  upon  a  surface,  there  is  a 
point  in  that  surface,  at  which,  if  a  force 
be  applied  in  the  same  line  with  the  pres- 
sure of  the  fluid,  and  equal  to  the  whole 
of  that  pressure,  but  in  a  contrary  direc- 
tion,—  this  counter-force  will  exactly 
balance  the  whole  pressure  of  the  fluid, 
—and  that  point  is  called  the  centre  of 
pressure, 

PRIME  MOVER.— See  Machine. 

PRIMARY  COLOURS.--See  Co/otfrf,/>n. 
mary. 

PRINCIPLE,  p*ALEMBERrS,  in  Me- 
chanici,  is  this: — If  several  non-eioMtic 
bodies  have  a  tendency  to  motion,  with 
velocities,  and  in  directions  which  they 
are  constrained  to  change,  in  consequence 
of  their  redprocal  action  on  each  other, 
then  these  moi\on«  toky  ^  considered  as 
com  posed  of  two  ot.\ie(r«  \ — ona  w\A.dL  ii2a& 
bodies  acuuUy  Uko*,  aaA\)bft  QiCh»t  ini^> 


series  of  numbers,  or  quantities,  in  whidi 
every  two  consecutive  terms  diifier  by  a 
multiplier  which  is  common  to  the  whole 
series :  this  multiplier  is  the  ratio.  Thai 
2,  4,  8, 16,  32,  &c.  is  a  geometrical  pro- 
gression,  of  which  every  term  is  doable 
an  adjoining  one,  and  whose  rs/M  (or 
rate  of  increase)  is  2.  Whether  arith* 
metical,  or  geometrical,  progressions  in- 
crease or  decrease,  that  is,  ascend  or 
descend^  the  principle,  or  order  of  pr»* 
gression,  is  the  same. 

PROPORTION,  direct  and  inTerse.-S« 
Ratio, 

PROPORTIONALS.— See  Ratio, 

PYRAMID.— See  Cbiie. 

PYROMETER.— See  Tlkermonuier, 

PYROSCOPE.— See  T^emoMeler. 

QUADRANT.— See  jtngte. 

QUARTZ.— See  Gloss.  I. 

RADIATION.— See  Gloss.  I. 

^K»X*^X,VahadieSt  is  the  opposite  of  Dm> 
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RATIO.  In  comparing  two  subjects,  with 
regard  to  some  quality  which  they  have 
in  common,  and  whidi  admits  of  being 
measured,  that  measure  is  their  ratio. 
It  is  the  rate  in  which  one  exceeds  the 
other.  Proportion  is  the  portions,  or 
parts  of  one  magnitude  that  are  con* 
tained  in  another.  When  the  ratiais 
comtnenturabiey  (that  is,  when  it  it  redu- 
cible to  numbers,)  it  is  equivalent  to  pro' 
portion;  but  the  latter  tennis  usually 
employed  in  the  comparison  of  ratios,  in 
whi^  case,  two  equal  ratios  are  said  to 
be  proportional.  Thus  3  has  to  4  (vnitten 
3  :  4)  a  certain  ratio,  or  proportion ;  but 
the  expression  3  is  to  4  in  the  same  pro- 
portion as  6  to  8,  denotes  that  the  ratios 
of  3  to  4  and  6  to  8  are  eqtuil ;  3  being 
the  same  proportion  of  4  as  6  is  of  8,  that 
is,  three-fourths.  Ratios,  however,  may 
be  unequal.  Thus  it  is  said  that  the 
ration  of  9  to  4  is  greater  than  that  of 
7  to  6,  because  |  is  greater  than  | :  it 
being  dius  that  ratios  are  measured. 

DIRECT     AND     INVERSE. 

When  two  quantities,  or  maffuitudes, 
have  a  certain  ratio  to  each  outer,  and 
are,  at  the  same  time,  subject  to  increase 
or  diminution ;  if,  while  one  increases,  the 
other  increases  in  the  same  ratio,  or,  if 
while  the  one  diminishes,  the  other  dimi- 
nishes in  the  same  ratio,  the  proporams, 
or  comparisons  of  ratios,  remain  unal- 
tered, and  those  quantities,  or  maigni. 
tudes,  are  said  to  be  in  a  elirect  ratio  or 
proportion  to  each  other.  Thus,  if  a 
yard  of  cloth  be  worth  a  pound,  ten  or 
any  number  of  yards  will  be  worth  so 
many  pounds,  and  the  proportion  of  value 
continues  unaltered. 

But,  if  the  magnitudes  are  such,  that, 
when  one  increases,  the  other  necessarily 
diminishes ;  and  vice  versi,  when  the 
one  diminishes  the  other  increases,  the 
ratiOf  or  proportion,  is  said  to  be  inverse. 
Thus,  there  is,  at  any  moment,  a  certain 
ratio  of  the  length  of  the  day  to  that  of 
the  night;  but  this  is  an  inverse  ratio; 
for,  in  proportion  as  the  length  of  either 
increases,  that  of  the  other  must  dismnish, 

RATIO,  Compound,  A  compound  ratio  is 
made  up  of  the  product  of  two,  or  more, 
simple  ratios ;  that  is,  of  the  product  of 
their  first  terms,  whidi  are  c^ed  Ante- 
cedents, compared  with  the  product  of 
their  second  terms,  called  Consequents. 
Thus  24  :  3  is  a  compound  ratio  of  4 : 1 
and  6:3;  this  being  made  up  of  two 
simple  ones  is  called  a  Dupheate  Patio. 
When  three  simple  ratios  are  compounded, 
they  form  a  Triplicate  Ratio  ;  if  four,  a 
Quadruplioaie  Ratio,  and  so  of  other  com- 
pounds. 

RAY  is  a  single  radiation  from  a  body  which 
sends  oat  emissions  in  all  directions. — 
See  RaditUiim  and  light, 

RAYS,  ABRRRATION  OF.— See  Aber- 
rmtitm* 


RAYS,  CAIX)RIFIC.— See  Calurijic  Rays, 

COLOURED.— See     Cohurs    and 

Prismatic  Spectrum, 

CONVERGENT.— See    Reflexion, 


Laws  o/*. 

DIVERGENT.  —  See    Reflexvm, 

Laws  of. 

PARALLEL.    —    See    Reflexion, 

Laws  of, 

REFLEXION  OF.— See  Reflexion. 

REFRACTION     OF.— See     Re- 


fraction, 

ORDINARY  AND  EXTRAORDI- 


NARY.—See  Refraction,  Doubte. 

RE-ACTION.— See  Action. 

REFLEXION.— See  Gloss.  I. 

REFLECTING  Microscopes,  &c.  —  See 
CUoss.  I. 

REFRACTION.— See  Gloss.  I. 

DOUBLE.— See  Gloss.  I. 

REFRACTING  Microscopes,  &c.  —  See 
Gloss.  I. 

REFRANGIBILITY.— See  Gloss.  I. 

RELATIVE  GRAVITY.-See  Gravity. 

REPULSION.— See  Gloss.  I. 

RESINOUS  ELECTRICITY.— See  Elec- 
trie  Fhtid, 

RESISTING  FORCE.— See  Force. 

RESOLUTION  OF  FORCEa  —  See 
Forces. 

RESULTANT.— See  Forces,  Composition  of, 

RHOMBUS.— See  Gloss.  I. 

RIGIDITY.— See  Gloss.  L 

ROCHELLS  SALT See  GUm.  L 

RUBBER See  Electricity, 

RUBY.— See  Corundum. 

RUPERT'S  DROPS  (so  caUed  because 
they  were  first  brought  to  England  by 
Prince  Rupert,  a  German  prince,  and 
grandson  of  James  I.)  are  a  sort  of  glass 
drops  with  long  and  slender  tails.  They 
will  bear  a  smart  stroke  of  a  hammer,  but 
burst  into  atoms  with  a  loud  report  if  the 
surface  be  scratched,  or  the  tip  of  the  tail 
broken  off.  They  are  made  by  dropping 
melted  glass  into  oold  water,  which  con- 
denses ue  outer  surface,  and  imprisons 
the  heated  particles  while  in  a  state  of 
repulsion. — See  Anneating  of  Giass, 

SAFETY-VALVE  (a  necessary  appendage 
to  a  steam-engine)  is  a  valve  opening 
outwards  from  a  boiler,  and  loaded  with 
a  weight  sufficient  to  withstand  the  pres- 
sure of  ^e  steam  until  it  rise  to  a  certain 
required  height ;  but  which  would  be 
forced  open  before  the  steam  oould  burst 
the  boiler. 

SAPPHIRE —See  Corundstm. 

SATURATED  SOLUTION-See SbAii^it. 

SATURATION.— See  Electricity. 

SCALE.— See  Gloss  I. 

SCREW.— See  Gloss.  I. 

SECTOR  A  sector  is  any  portion  of  a 
circle  (Lew  than  a  semicircle)  contained 
between  two  radii  and  a  part  of  the  dr- 
cnmference :  such  as  the  triangular  spaces 
AC  B  and  A  C  D,  the  former  of  whldbL  v^ 
an  acute-smgltd.,  %Bii  >3b&\sKM» 
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angled  sector.  When  the  angle  contained 
between  the  radii  is  a  right  angle,  the 
sector  is  a  quadrant,  and  is  so  caUed.  A 
aeeiorU  also  the  name  given  to  a  mathe- 
matical instrument,  composed  of  two  flat 
Tillers  connected  wi^  a  joint,  which  allows 
them  to  open  in  the  form  of  radial  lines, 
so  as  to  include  a  sector. 

8KOMENT  OF  A  CIRCLE  is  any  por- 
tion cut  off  by  a  straight  line.  Thus,  in 
the  preceding  .figure,  E  F  G  is  a  segment 
cut  off  by  the  line  E  F.  When  this  line 
passes  through  the  centre  it  divides  the 
circle  into  two  equal  segments,  or  temidr- 
eiet. 

SEMI-TRANSLUCENT.  — See  Diapha. 

MOUM. 

SEMI-TRANSPARENT.  —  See    Diapko- 

mOMM. 

SHEAR-STEEL  (so  called  because  fitted 
for  making  cioihiert'  uhears^  scythes,  &c.) 
in  prepared  by  laying  iteveral  bars  of  com- 
mon steel  together,  and  heating  them  in  a 
furnace  until  they  ac^juire  the  welding 
temperature.  The  bars  are  then  beaten 
together  with  forge  hammers,  after  which 
they  are  drawn  anew  into  bars  for  sale. 

SILEX.— SeeGloss.I. 

SINE.— See  Angle. 

SINES,  LAW  OF  THE.— See  Reflective 
Power. 

SODA.— See  Alkali. 

SOLIDS.— See  Gloss.  I. 

SOLID  OF  LEAST  RESISTANCE.— See 
Conoid. 

SOLUTION— See  Gloss.  I. 

SOUND.— See  Gloss.  I. 

RAYS  OF.— See  Rejlexion. 

SPAR.— See  GIom  I. 

SPAR,  ADAMANTINE.— See  Corundum. 

ICELAND.— See  Calcareous  Spar, 

SPECIFIC  denominates  any  property  that 
is  not  general,  but  is  confined  to  an  indivi- 
dual or  Mpecies. 

GRAVITY.— See  Grain/y,  Spe- 

cifie. 

'  HEAT. — See  Caloric,  Specific. 

SPECTRA,  OCULAR.— See  Ocular  Spec- 
tra. 

SPECTRUM,  PRISMATIC  — See  Pru- 
matio  Spectrum. 

SPECULUM.— See  Afirror. 

SPHERE.— See  GUm.  I. 

SPHERICAL  ABERRATION.  —  See 
Gloss.  I. 


SPHEROID.— See  <Hoas.  L 

SPIRAL.— See  Gloes.  I. 

SPIRIT  OF  WINE.— See  JleoAol. 

STATICS  is  that  diTiaon  of  the  science  of 
mechanics  which  oonddera  bodies  as  in« 
fluenoed  by  foroes  that  axe  in  equilihrium. 
It  therefore  treats  of  bodiea  at  rest.  The 
word  is  formed  from  the  Greek  aUUoiy 
standing  stilL  What  bekmgs  to  statics  is 
statieal. 

STEAM  is  generally  nsed  to  aignify  the 
visible  cloudy  vapour  arising  &om  water, 
and  which  at  low  temperatures  is  nip- 
posed  to  be  the  consequence  of  a  chemical 
solution  of  water  in  air ;  bnt  steam,  as  it 
IE  used  in  the  arts,  denotes  water,  in  an 
elastic  form,  at  or  above  the  temperature 
of  the  boiling  pmnt,  when  it  is  invisible. 

STEAM-TIGHT  is  that  degree  of  doeeness 
which,  in  any  particular  case,  prevents 
the  escape  of  steam. 

STEEL.— See  Carbcm. 

■'  TEMPER  OF.— The  different /«ai- 

pert,  or  degrees  of  hardness,  of  rigidity, 
or  of  elasticity,  are  given  by  means  of  the 
different  degrees  of  heat  to  which  the 
metal  is  exposed  in  the  opera&on. 

STEELYARD.— See  Balance. 

STRAIGHT  LINE,  the  same  as  a  right 
line. — See  Curve. 

SUCTION.  The  action  of  sndung  is  per- 
formed by  the  child*s  making  a  vacuum 
in  its  mouth,  which  exhausts  the  air  from 
the  pores  of  the  nipple ;  and  the  milk  is 
conwquently  ejected  from  the  breast  by 
the  unresisting  elasticity  of  the  air  within. 
The  raising  of  liquids  through  a  tube,  by 
means  of  a  piston  which  lifts  and  sustains 
the  weight  of  the  atmosphere  from  that 
part  of  the  well  which  is  covered  with  the 
tube,  leaving  it  to  press  on  the  other  parts 
of  the  surface,  is  al&o,  metaphorically, 
termed  suction. 

SYNTHESIS.— See  Analysis. 

TABASHEER.— See  Gloss.  I 

TANGENT.— See  Gloss.  L 

TELESCOPE,  ACHROMATIC.  —  Sec 
Gloss.  I. 

TEMPERATURE.— See  Gloss.  I. 

THERMOMETER.— See  Gloss.  I. 

THERMOSCOPE,  a  name  given  by 
some  inventors  to  their  particular  kinds 
of  thermometers ;  as  pyroscopes  are  names 
of  some  sorts  of  pvrometers. 

TOPAZ.— See  Con'ittdum, 

TORSION-BALANCE,  a  delicate  elec- 
trometer,  so  called  because  its  principle 
consists  in  the  torsion  or  twisting  of  a  sill^ 
fibre. 

TORRICELLIAN  VACUUM.  —  See 
Gloss.  I. 

TOURMALINE.— See  Gloss.  I. 

TRANSLUCENT— See  Diaphanous. 

TRANSPARENT.— See  Diaphanous. 

TRANSVERSE  DIAMETER.  —  See 
Gloss.  I. 

VALVE.— See  Gloss.  I. 

\  *0?QV^^,— ««fe  QUms  I. 
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VARIATION  OF  THE  COBIPASS.— 
See  Mariner**  Compost. 

VEGETABLE  ALKALI^See  Aikali. 

VELOCITY.— See  Gloes.  I. 

VERNIER.— See  Gloss.  I. 

CHROMATIC— See  Gloss.  I. 

VERTEX.— See  Cone  and  Come  Sections. 

VERTICAL  CIRCLE.— See  HoHmw. 

PLANE.— See  HortMon. 

VESUVIAN,  or  IDOCRASE,  is  a  stone, 
generally  of  a  reddish-brown  colour,  simi- 
lar in  appearance  to  common  garnet,  1% 
is  found,  crystallized,  among  substances 
thnnm  out  of  volcanoes;  and,  as  its 
nam*  indicates,  particularly  by  Mount  Ve- 
ravius. 

VOLTAISM — See  Galvanism, 

VOLTAIC  BATTERY,  &c.— See  Gal. 
Vttnic, 

VORTICES,  the  plural  of  the  Latinoor/e«r, 
a  whirlpool.  The  primary  hypothesis  of 
the  natural  philosophy  of  Descartes  was 
that  the  universe  is  a  ptemim  (Latin 


piemus,  Aill);  that  is,  without  any  vacuum, 
or  unoccupied  space;  and  that  the  atoms 
of  matter  moved  in  numerous  vortices 
which  carried  the  heavenly  bodies  around 
their  several  centres  of  motion ;  such  as 
the  planets  about  the  sun,  and,  perhaps, 
similar  planets  around  the  fixed  stars. 

WEATHEIUOLASS.  The  barometer  is 
popularly  termed  a  weather-glass,  because 
its  variations  are  commonly  bdieved  to 
prognosticate  the  approaching  state  of  the 
weather.  In  former  times,  the  same  appel- 
lation was  given  to  the  thermometer. 

ZENITH.— See  UoriMon. 

ZIRCON  is  a  ^vy,  hard,  sparkling,  and 
transparent  stone,  susceptible  of  a  fine 
polish,  and  havins  a  strong  double  refrac- 
tion. It  is  usually  divided  into  the  two 
varieties  of  hyacinth  and  jargon;  the  for- 
mer having  a  yellowish-red  colour,  and 
the  latter  being  most  Mteemed  whei*  crw 
lourless. 
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Air,  its  reaistanoe  to  moving  bodies  proportionate  to  the 

equares  of  their  velocities 

. .  its  tremulous  motion  the  cause  of  sound 
• .  means  of  weighing  a  small  quantity  of    . 
Air-pumpf  experiments  with,  described      .... 

Air^yrometer,  of  Schmitz,  construction  of        •         .         . 
Air-tkermomcter,  Kinnersley^s  Electrical,  deseribed        • 
Air^  currents  of,  alway  accompany  the  discharge  of  electricity 
Akohoiic  and  mercurial  thermometers,  comparative  table  of 
at  different  temperatures  •         .         .         .         . 

A/kaHtf  decomposed  by  the  voltaic  pile       «... 
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Arisiotle  attempted  to  investigate  the  phenomena  of  the 
rainbow  ........ 

Armatures  for  retaining  and  concentrating  magnetism 
Arrangement  of  iron  filings  under  magneUc  influence 
mechanical,  of  microsc(^>es     . 
of  the  prismatic  colours  exhibited 
Arli/icial  cobwebs  for  micrometers      •         •         .         . 
magnets,  various  methods  of  making 
.  •       general  principles  of     .         • 
.  •      method  of  making  by  percussion 
.  •  . .  juxtaposition 

.  •  .  •  single  touch        • 

.  •       less  retentive  of  their  virtues  than  load 


Pop.  Int. 


Thkbh. 
Elect. 


Trbrm. 
Oalv. 

Elbct. 
Opt.  Inrt. 
Therm. 


Elect.  Magn. 
Elect. 
Opt.  Inst. 
Galv. 
Pop.  Int. 
Therm. 


17 

P-ga 

17—18 

71 

.    66 

65,66 

.    31 

.      43 

26 

.   M,  55 

17 

16 

48 

6 

.    8 

81—92 

.       59 

.      3 

26 

94 

1 


Magn. 
Pop.  Int.     , 
New.  Opt. 


Opt.  Inst. 
Pop.  Int. 
Opt.  Inst. 


Qalv. 


stones 


ready  method  of  forming    •        • 
Ascent  d  fluids  in  eapiluuy  tubes,  cause  of,  explained  • 
of  smoke,  steam,  Ac,  cause  of     .         •        . 
ofballooDS •         . 


Elect. 
Pop.  Int. 

Elect.  Mag. 
Opt.  Inst. 


Ei.ECT.  Magn. 
Opt.  Inst. 
Pop.  Int. 


Magn.        . 
New.  Opt. 


Magn. 

Opt.  Inst. 
Pop.  Int. 
Opt,  Inst. 
Magn.    . 


Pop.  Int% 


33 

80 

1 


2 

.       2 

14,15 

25 

19 

19 

.      25 

49,  50 

.    30—33 

94 

13 

.    20 

21 

.      22 

2 

79 

.      80 

.     87 

.    91,  92 

I 

2 

2 

43,  54,  55 

21 

44 

91 

.    57 

.    41—45 

41 

42 

43 

.        44 

54 
i 


•  • 


18  GENERAL  INDEX. 

/Utronomieai  telescopes,  achromatic,  described  .        Nbw.  Opt.  &  Opt.  Ikit.       10 
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pressure,  variation  of,  its  effects  on  the  boiling 

point  of  water Thkbm.  8 

its  effects  on  the  bulbs  of  thermometers  13 
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Babbage  and  Herschers  experiments  on  the  magnetism  of 

rotation Maqn.  .         93, 94 

Bacon,  Friar,  his  description  of  magnifiers  and  combined 

lenses     .........  New.  Opt.  .             .    3 

the  inventor  of  the  camera  obscura      .         .  Opt.  Inst.  .            .    52 

Balance^  thermometer,  description  of     .         .         .         .  Thbrm.  47, 48 

electrometer      .......  Elect.  38,  ^ 

(torsion) .        19,21 
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law  of  refraction  of    . 
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HuooiKa*8  theory  of  the  double  refraction  of  light 
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ignited  and  melted  by  the  galvanic  battery  .  .—.-...  « 

colours  produced  by  ieir  comlnistion      .         .         .  — — 

tables  of  their  comparative  thermo-electric  relations  Elect.  BCioir. 

Metaliie  solutions  decomposed  by  galvanism  .  Gai.v. 

. .     thermometers  f^  De  Luc    .....  Therm. 

Regnier 

Crichton  •         .         .         .         •  ■  • 

conductors  for  the  safn^ard  of  ships  and  buildings  £i.bct. 

of  FitzgeriUd 

MdcUiine  thermometer,  or  pyrometer,  of  Bregnet  Therm. 

of  Houriet         .  . 

Afierhacope*,  their  principles  and  construction  .  Pup.  Int. 

Jificromcier-pyrometer  o{  SmesLtoUy  deacnbed        .  .      Therm. 

Micfwnetert  of  various  kinds,  construction  of  .  Opt.  Inst. 

. .         circular  construction  of  .         .         .  .  

Micrometricai  eye-piece,  by  Ramsden,  described  

JUicroBcopetf  on  their  invention  and  antiquity     .  

. .  theory  o£  single  .....  • 

. .    <rf  compound       .....  -^— — — 

singly-reflecting         ..... 

reflecting,  proper  form  of  their  mirrors 

Amidan  reflecting     ..... 

compound,  proper  size  of        ...         . 

. .  mechanical  arrangement  of  .         .         . 

method  of  determining  their  magnifying  power  

. .  object-glasses  for  .         .         .         .         .  — 

• .  test-objects  for 

fluid 

small,  made  of  glass  globules       .         .         • 

diamond  and  sapphire    .....  

table        .......  • 

for  objects  of  natural  history  .         .         . 

periscopic,  of  Dr.  WoUaston        .  . 

opaque         .......  

»olar Pop.  Int.  JW.     Opr.  Inst 

lucernal OrT.  Inst. 

smallest  magnitude  vi.sible  by      .         .         . 

Microscopic  lennps,  meth(^  of  grinding       ....  

pyrometer  of  De  Luc Tuerm. 

of  Ramsden    .....  

Middieton'M  experience  of  the  effects  of  cold  on  magnetism  Oi»t.  Inst. 

Minimum  of  spherical  aberration  in  lenses        .  .  .  J>Iagn. 

MirrorSf  description  of  the  different  kinds  and  their  effectt  Pop.  Int. 

Mirrors,  plane,  their  images  and  reflections,  concerning        .  Oi»t.  Inst. 

concave  ....... . 

curious  experiments  with  tlieir  images       .  • — 

used  as  burning-glasses,  A  rcbimedes's,  &c.  

. .       convex,  images  of   .         .         .         ,  .  -.^__ 

of  reflecting  microscopes,  proper  form  of         .         .  -. 

telescopes      ..... 

spherical  aberrations  in       ....  .  — — _« 

Mitchell's  method  of  making  artificial  magnets  by  double 
touch ^ 

iMWi^ca/ibiM  of  differential  thermometers    .  .      '    .         .  Tubkm 

Momentum  of  bodies  defined  and  illustrated     .  .  Pop.  Int. 

•  •     measurement  of         ....  !  * 

ilfoMooffs,  description  and  cause  of         .... 

Moon^  general  account  of  ......  _....... 

. .     her  motion  and  phases  explained  ,         .         .    * 

..     concerning  the  cdipscs  of — _ 

^oo/i*  of  Jupiter,  Saturn,  and  the  Georgium  Sidus  .    ' 
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Mother^f'Peari  micrometers,  described  ....  Opt.  Inst.  '  •         57 

dioiion  of  bodies,  absolate,  relative,  uuiform,  retarded    and 

accelerated,  defined              Pop.  Imt.      •  .  9,  10 

. .     perpetual,  exists  only  in  the  heavens            .         .  .    .  .      10 

. .     reflected,  explanation,  and  illustrations  of        .         .  »— ^— -       .  13 — 15 

..    compound,  explained          .....  .                    .  l5..ig 

. .     the  earth's  annual,  produced  by  the  composition    of 

forces                  •         .  — _.    ,  .      33 

. .     threefold,  of  the  earth  described           *                   .  ■                   .  .      34 

•  •     of  the  moon  explained             .....  .                   .  .    50, 61 

•  •     of  a  body  may  be  insensible  on  account  of  its  great 

velocity           ........  ,  .      80 

JHouHtmnSf  their  attraction  of  a  plummet                      .         .  — ii_      .  .      6 

accumulation  of  water  in                 ...                         .     .  .62 

Moving  bodies,  resistance  of  the  air  to,  how  measured           .                    .  .  .  17, 18 

Mu/tip/icr»  and  doublers  of  electricity               .         .         .  Elbct.    .  .          53 

Murray's  proposed  scale  for  a  thermometer       .         •        •  Tubhm.       .  9 

Musciienbrock's  pyrometer  described          .         .         .  ■                .  .           15 

Jl/tf#c/tf  and  brain,  ^vanicpile  formed  by  alternate  layers  of  Galv.            .  .    25 

MuMcuiar  motions  in  dead  animals  produced  by  galvanism  •  .  .          19 

Nairn's  electrical  machine  described              .         .         .  Elbct.  •  .             15 

Nature  of  light,  theories  of               Nbw.  Opt.     •  .     0 

Naiural  bodies,  cause  of  the  colours  of             ...  __  54 

history,  microscopes  adapted  to  objects                     •  Opt.  Inst.    .  47 

magnets  or  loadstones,  where  found            .         .    '  Maon.    «  •        .     1 
Need/gf  magnetic,  see  Magnetic  Nced/e,  compass,  and  variation 
Needte,  Dipping,  see  Dipping^Needle. 

JVSf^o/tve  and  fK>«i/iVe  electricity  descril)ed             •         .         ,  Elbct.            .  .IS 

instrument  for  distinguishing  — ^—    .  .    27,28 

Nearmghtedneit^  cause  and  remedy  of  pointed  out        .  Pop.  Int.    .  .      96 

iVrM/ra/ salts  decomposed  by  the  galvanic  pile           .          .  Gai.v.      .  .15 

New  Holland f  colourless  topaz  of,  its  use             .         .         .  Opt.  Inst.    .  .    25 

Newton's  experiments  on  the  oil  thermometer      •         •  Thbhm.  .        .      5 

axioms  concerning  light           .         .         .         •  Nbw  Opt.    .  .11 

reflecting  telescope  described        •  Opt.  Inst.  15.     Nbw.  Opt.  10 — 30 

queries  concerning  the  inflection  of  light            •  New.  Opt.  .  .      63 

scale  for  determining  reflected  colours,  &c.     •  .  •    46 

• .          suggestions  of  the  polarization  of  light     .         .  ■                 .  .        64 

table  of  the  colours  of  thin  plates  and  films    .  '■                 .  .      52 

theory  of  colours             .....  — ^—        .  .  31 

theorems  concerning  refractioa     •         .         . .  .       33 

small,  but  powerful,  magnet,  account  of          •  Elbct.  Maoh.  •          55 
. .          discovery  of  the  universality  of  the  principle  of 

gravitation Pop.  Int.    .  39 

Nicholson's  instrument    for  distinguishing  negative  elec« 

tricity E1.BCT.           .  27,  28 

N^ht  telescopes,  account  of          .....  Opt.  Inst.    .  •     10 

Nitric  Acidy  its  effects  on  copper  and  on  zinc                 .  Gai.v.    .            .  14 

NoBiLi*8  galvanometer  de8cril)ed           ....  Ki^ct.  Maon.  .     42,  43 

Non-conductors  of  electricity  described        ....  Ei.bct.            .  5, 6 

Oar,  its  action  in  rowing  a  boat  described     •  Pop.  Int.    .  13 

Objects  of  natural  history,  microscopes  for           .         .         .  Opt.  Inst.    .  .   47 

(test)  for  microscopes         .....  — ^^—  49 

the  shadowed  side  of,  by  what  means  visible     •         •  Pop.  Int.    •  .       77 

.  •     manner  in  which  they  become  visible  to  the  eye    .  '■                    .  .  77i  78 

their  images  inverted  on  the  retina           .         .         .  —  .  .  76,  79 

. .      on  the  apparent  dimensions  of             ...  .  .    79 

smallest  angle  under  which  they  can  be  seen    .         •  — ...  .  80 

Object-glaues  for  microscopes,  formation  of  .            .          .  Opt.  Inst.    .  .  46,  47 

Objections  to  the  present  system  of  astronomy  answered        .  Pop.  Int.    •  37'---90 

to  Amonton's  thermometer     ....  Tiibrm.      .  •        8 

to  Volta's  theory  of  galvanism             .         .  Galv.    .  .            SI 

to  the  theory  of  a  single  electric  fluid                  .  Eiject.     .  .    63)  64 

Obiiquitg  of  the  sun's  rays  a  cause  of  the  diminution  of  their 

heat Pop.  Int.  46, 47 

Qbtirwations  on  magnetic  theories          ....  Maon.  «  ^fN 

•  •          by  Hsiley  on  light  in  a  diving.beU  ^wn.O^.  «*^ 
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OilouTf  peculiar,  proceeding  from  a  worked  electrical    ma- 
chine        .         .         .         .         •.'.*.'.• 

Oersted,  history  of  electro-magnetism  prior  to  his  disco- 
veries 

account  of  his  discoveries 
his  electro-magnetic  theory 

OiL-tkermometer,  Newton's  improvements  on 

Opacity  of  bodies,  probable  cause  of 

(^Htque  microscopes,  description  o^  ... 

Opera-glanes,  achromatic  description  of  •  • 

O^'mu/iu  of  the  andents  respecting  the  cause  of  magnetic  au 
traction  .....••• 

Optics  and  optical  instruments,  books  upon 

. .     popular  introduction  to       .  .  .  •  • 

OrbiU  of  the  planets  proportionally  represented 

Oxidabi/ittf  of  different  metals,  tables  of  •         •  • 


Nbw.  Opt. 
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Opt.  Ihst. 


Pop.  Iwt. 
Opt.  Ikst. 
Nbw.  Opt. 
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Paraboloidal  surface  proper  for  the  mirrors  of  reflecting 
microscopes         ....«- 

Parker's  large  burning-mirror  descrilvcd 
Parliciesj  minute,  of  boidies,  neparated  by  pores 
Fsor/  (mother  oi)  micrometer         .         .         •         . 
Percussion,  artificial  magnets  made  by 
Peritcopic  combination  of  lenses 
microscope  described 
spectacles     ....•• 

Perpetual  motion  exists  only  in  the  heavens 
Phanttutnagoria,  that  exhibition  explained 
Phenomena  of  the  rainbow,  different  theories  of 

examined  and  investigated    by 
Aristotle  and  Euclid         ...... 

of  refraction  accurately  investigated  by  Ptolemy 
of  coloured  rays,  description  and  laws  of 
prismatic,  singular  account  of 
exhibited  by  thin  transparent  plates 
observable  in  the  passage  of  the  electric  fluid 

on  the  passage    of  the  electric   fluid 
througli  a  vacuum    ....... 

of    interoiitting  springs  accounted  for    . 
Photometer  ami  hygrometer,  description  of 

improvements  in,  suggested 
PnoTOMETERS,  diff^erent,  by  Leslie,  described 
Physiological  effects  of  galvanism 
PilCj  galvanic,  discovery  of      ....  . 

.  •         formed  by  layers  of  muscle  and  brain 
formed  of  vegetable  sul>stances     . 
jPi/(P»,  galvanic,  secondary  fonnatiou  of 

battery  formed  by  a  combination  of 

Pith-balls^  experiments  with,    on   electrical  attraction  and     — : 

repulsion         ........ 

PlanetSy  probability  of  their  being  inhabited  by  rational  iMiings     Pop.  Int. 

general  account  of  ..... 

their  orbits  and  diameters  proportionally  represented     — 

primary,  why  the  satellites  revolve  round  them  - 

vicissitudes  of  seasons  in  ....  

Plates,  galvanic  electricity  not  dependent  on  the  magnitude 
of  their  surfaces  .......      Gai.v.     . 
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PiUf  of  a  magnet  tends  to  induce  opposite  p<»1arity  iu  ailja- 

cent  bodies '    . 

sometimes  reversed  by  lightning 
Polishing  of  lenses  and  specula,  method  of 
Polygonal  lenses  describ«i  ..... 

PoHTA  said  to  have  invented  the  camera  obseura 
Porter,  its  taste  when  drunk  out  of  a  pewter  pot      . 
Potitive  and  negative  electricity,  concerning 
Power  of  a  magnet  at  100''  Fahrenheit  increases  as  it  cools 

lost  by  rul)bing  • 

of  a  galvanic  batterv  best  determined  by  experiment 
Powers,  mechanical,  individually  described 
Precautions  in  constructing  thermometers 
Preservation  of  magnetic  power,  means  for 
Pressure  of  fluids,  action  of  explained 

of  the  atmosphere  on  a  man*s  body,  amount  of 
P It evost's  theory  of  magnetic  fluids     .... 

Primary  colours  of  the  rayh  of  light 

Prisms,  refraction  of  the  rays  of  light  through  Pop 

Prismatic  spectrum,  arrangement  of       .         .         .        — >- 

observed  by  Seneca 
phenomenon,  singular  account  of     . 
.colours,  exhibited  in  the  combustion  of  metals 

exist  in  the  light,  and  are  not  produced  by 
tlie  pnsm  ....... 

Pkitchard's  diamond  and  sapphire  lenses,  account  of 
Progress  of  magnetic  induction,  method  of  quickening 

by  heat,  remarks  on 
Progressive  changes  of  dip  and  variation  of  the  magnetic  needle 
Properties  of  bodies  in  general  . 

mechanical,  of  atmospheric  air 
of  fluid 
Ptolemy,  his  knowledge  of  the  laws  of  refraction 
Pit/ley,  the  principle  of,  illustrated   . 
Pttmpy  common,  principle  and  construction  of 

forcifig         ...  .  . 

. .     air,  description  of,  and  experiments  with 
Pyrometer,  history  and  construction  of  various  kinds 
by  Achard  described 
...         by  Muschenbrock  .... 

by  Desagulier  .... 

bv  Kllicot      ...... 

0 

Mortimer's  ..... 

Froteringham's     ..... 

. .         Smeaton's  ..... 

Ferguson*s  ..... 

Microscopic,  of  De  Luc 

Ramsdeirs      ...... 

M'edgewood's      ..... 

Platina  one,  of  Morveau 

Schmidt's  air-pyrometer 

Danieirs         ...... 

Breguet's,  or  metalline  thermometer 
Houriet*s,  or  metalline  thermometer 
Pyroscopcy  by  Leslie,  described       .... 

QuEKiES,  Newton *8,  concerning  the  inflexion  of  light 

Rain,  dew,  and  vapours,   distinguished,  and  their  causes 
pointed  out      ...... 

. .     snow,  and  hail 
Rainbow,  the  phenomena  of  investigated  by  Aristotle  and 
Kuclid  ...... 

difFereJit  theories  of 
Ramaoe's  reflecting  telescope,  description  of 
Ram8DEN*s  micrometrical  eye-pieces  described    . 

microscopic  pyrometer 
Hays  of  light  proceed  in  straight  lines 
.  •  primary  colours  of     .         • 
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Ji^  o/ltykif  reflected  from  bodies  of  their  own  ooloor 
general  laws  of  their  reflexion     . 
.  •         mterferenoe  of     ...         -         • 
•  •         iffractioQ  of  and  its  laws 

how  they  become  risible  in  their  passage 
effects  of  their  transmission  through  glass  prions 
in  what  manner  they  are  refracted  to  the  retina 
Re^ution  and  action,  their  equality  a  law  of  natuse        Pop.  ' 
Beaumur's  thermometer,  account  of       •         •         . 

. .  Fahrenheit's  and  the  Centigrade  scales  of  ther- 

mometm,  formula  for  con  verting  into  each  other 
Recampotitiim  of  Uie  sjiectral  colours  produce  white  light 
B^ieeied  colours,  cause  of  investigated 

motion  explained  and  illustrated 
•  •        colours,  Newton*s  scale  for  determining     . 

Rejtedmg  microscopes 

telescopes  .         .        Nbw.  Oft.  10, 30. 

their  peculiar  advantages    • 
surfaces  of  cylinders,  their  application 
JieJUxibiiitjf  of  light,  Newton's  experiments  on    . 
ReJlexioH  o?  the  rays  of  light,  ^neral  laws  of 

and  transmission  of  light,  flts  of  easy     . 
of  aerial  vibrations  the  cause  of  echoes 
Be/raeted  and  geometrical  focus,  distinction  between  . 
Re/radion  of  light,  Snellius's  discovery  of  its  laws 

Newton's  theorems  respecting 
theory  of  .         •         .         •         • 

. .      its  effects  on  the  apparent  situation  of  dis- 
tant bodies  ... 

through  lenses  of  different  forms  described 
of  homogeneous  light,  law  of  •         .         • 

double,  explained  .... 

Refractive  power  of  diamond  and  sapphire  lenses 

and  dispersive  powers  of  different  transparent  sub- 
stances ...... 

power  and  spherical  aberration,  in  the  inverse  ratio 
to  each  other  ..... 

Rrfrangibitity  of  the  rays  of  light 
Hegitter  thermometers,  history  and  construction  of 

of  Cavendish 

•  •  •  •  oiJC  B  •  •  f  •  • 

Blackadder*8 

TraiPs       ..... 

Keith's         .         «  .  . 

K EGK I er's  metallic  thermometer  .... 

Jletatwe  magnetic  power  of  inm  and  steel,  table  of 

with  respect  to  distance 
Repretentatum  of  the  proportion  of  the  orbits  of  the  planets 
.  •  of  . .  of  the  diameters 

and  description  of  the  terrestrial  globe 
of  different  appearances  on  the  passage  of  the 
electric  fluid        ....... 

Repu/tioH  and  attraction,  electrical,  concerning 

experiments  on 
of  magnetic  iron 

similar  to  electric 
Rftinout  and  vitreou*  electricity  distinguished 
Resistance  of  the  air,  its  effects  on  falling  bodies  generally 

•  •  on  moving  bodies 

Retina,  the  images  of  objecto  inverted  upon 

in  what  manner  the  rays  of  light  are  refracted  to  . 
Revolving  camera  obscura,  description  of 
RiciiHAN,  fatal  consequences  of  his  electrical  expeiimenta 
Ringt  electro-dynamic,  effects  of  .... 

. .     Saturn's,  described  ..... 
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Sw/acei  of  bodies,  light  reflected  from  without  touching  them 

of  cylinders,  their  use  in  optical  experiments 
Syphon,  description  and  principle  of         .         .         .       . 
StfiUem  of  atironomy^  Copemican,  objections  to,  answered 

Table  of  the  height  of  Che  boiling-point  of  water  in  diflferent 
states  of  the  barometer  ...... 

. .    of  the  relative  expansions  of  diflferent  metals  at  differ- 
ent heats         .         .         .  .         . 

. .    of  the  expansion  of  rods  of  different  substances  between 

the  freezing  and  the  boiling  point  of  water 

. .    of  the  expansion  of  seven  different  solids  by  heat     . 

• .    of  various  points  of  heat  according  to  Wedgewood 

. .    of  temperatures  according  to  Daniel 

.  •  . .  . .  to  Morveau 

. .    of  expansibilities  of  glass  rods  and  tubes 
. .    comparative,  of  alcoholic  and  mercurial  thermometers 
. .    of  correspondence  of  different  thermometrical  scales 
. .    of  expansions  of  bodies  by  heat  .         .         .         .' 

. .    of  remarkable  temperatures,  according  to  Fahrenheit's 
scale  ••«••• 

. .    of  the  refractive  and  dispersive  powers  of  various  sub- 
stances ....... 

. .    of  the  colours  of  thin  plates  of  air,  water,  and  glass 

. .    of  dimensions  of  an  aplanatic  double  object-glass 

. .    of  the  magnifying  powers  of  lenses  .... 

• .    of  the  comparative  thermo-electric  relations  of  different 
metals  ...... 

. .    of  the  relative  magnetic  powers  of  different  species  of 
iron  and  steel     .  .  ... 

. .    of  changes  of  variation  and  intensity  of  terrestrial 
magnetism         ...... 

. .    of  the  local  attractions  observed  in  different  ships 
Tab/e-microscope,  description  of      ....  . 

Tangential  force  described     ..... 

Ta9ie  of  porter  affected  by  galvanism      .... 

Teinnscope,  description  of  .  .  . 

TeUicope^  different  accounts  of  the  invention  of 

astronomical,  described      .         .  New.  Opt.  6. 

night  and  day        ...... 

Newton's  reflecting  .         .         New.  Opt.  30. 

achromatic,  by  DoOond,  Blair,  &c.  . 

theory  of        .         .         . 
Cassograinean  and  Gr^^rian 
front-view  reflecting 
reflecting,  by  Ramage     . 

proper  form  of  the  specula  of 
TtlcMcopetf  method  of  ascertaining  their  power 
for  measuring  angles  and  distances 
Varley's  graphic    .... 

double-image    .... 

imperfections  of  refracting 
achromatic,  eye-pieces  for 
stands  or  supports  for     . 
general  observations  respecting  . 
Telescopes^  principle  and  construction  of 

reflecting,  advantages  of 
Temperature,  Morveau's  table  of     . 
Wedgewood*s  . . 
Daniell's  ... 

table  of,  according  to  Fahrenheit's 
. .         at  which  dew  falls     .         .         • 
Terrestriai  globe,  representation  and  description  of 
magnetism^  observations  on 

variations  in  its  intensities 
electro-magnetic  effects  of 
exhibits  a  visible  rotation 
•  •                  imitated  by  means  of  wires  on  an  v^t- 
tiAcial  globe 


New.  Opt. 
Opt.  Inst. 
Pop.  Int. 


Therm. 


Opt.  Inat. 
New,  Opt. 
Opt.   Inst. 


Elect.  Maon. 
Maqn. 


Opt.  Inst. 
Pop.  Int. 
Galv. 
Opt.  Inst. 
New.  Opt. 
Opt.   Inst. 


New.  Opt. 
Opt.  Inst. 


Pop.  Int. 
Thbkx. 


Pop.  Int. 
Maqn. 


Elect.  Maon. 


41 

55 
.       3 

62,63 
37,39 


15 

15 

20 

27 

.      29 

32 

30 

53 

.    54,55 

57—60 

•.     61,62 

63 

25 

.       52 

21 

35 

94 

15 

32 
66 
36 
17,31 
24 
54,55 
5,4 
10 
10 
15 
23 
19 
16,17 
.      17, 30 
.       18 
11 
11 
25 
26 
25,26 
.  26—30 
27,28 
29 
.    31 
100 
100 
.      30 
29 
.      32 
63 
49 
40 
22—32 
25 
45—52 


48 


GENERAL  INDEX. 


explained 


7Wf-o6|«vf«  for  mfcrosoopes   .... 
Vkeonwu^  Newton*s,  oonoeming  refraction 
Tkeoriet  of  the  nature  of  Ugfat 

•  •      of  the  rainbow  .... 
..      of  electricity  •         .         .         .  . 

of  magnetism     .... 

general  observations  on 
of  electnMnagnetism 
TVory,  magnetic 

•  •     of  the  winds  explained 

^  the  trade-wind      .... 
• .      of  the  Monsoons 

•  •      of  the  sea  and  land  breezes         .         • 

of  the  sonorousness  of  bodies 
• .      of  the  nature  of  light 
of  reflected  colours 
electro-dynamic  of  Ampere 

induction  of  magnetism 
of  colours,  Newton's 
f^  the  undulations  of  light,  Newton's 
of  achromatic  telescopes     . 
of  the  single  microscope        .  • 

of  the  compound  microscope 
oi  galyanism,  by  Du  Fay 

•  •  . .  by  Volta 
Tkeoriet  of  Galvam'imj  electrical  and  chemical 
Tkenmomeierf  history  and  construction  of 

the  first  made  by  Santorio,  described 
'   improvement  of,  by  the  Florentine  academy 

by  Drebl)el 
with  glass  globules,  described 
Boyle*s,  described      .... 
(oil)  of  Newton,  described 
Roemur*s  mercurial,  described     . 
• .  Amonton's  ..... 

objections  to   . 
..  Craquius's  ..... 

centigrade,  or  Celsius's 
Reaumur's  ..... 

. .  xiaies  8   .  .  .  .  .  « 

De  Lisle's,  used  in  Russia 
De  Laland's  proposed 
Thermometers^  precautions  requisite  in  the  construction 
.  •  effects  of  age  on  ... 

. .      of  atmospheric  pressure  on 
directions  for  filling 
. .  . .  graduating  the  scales 

perfect  yacuum  in,  not  essential 
tables  of  correspondences  of  various  scales 
ITtermometer,  Register,  history  and  construction  of 

Cavendish's  described 

>  .  «  .  SIX  8      .  .  .  .  . 

Keith's   \  .  ... 

•  •  . .         Blackadder's 

Trail's       .... 
Differential^  history  and  modifications  of 

•  •  . .  Leslie's  described 

De  Butt's 
Metalline,  by  Fitzgerald  described 

by  De  Luc 

by  Regnier 

by  Crichton 

by  Breguet 

by  Ilotiriet   . 
peculiar  applications  oii     . 
air  of  Kiunersley  .... 

8talica,\\)y  C\\ram\t\g 
balance,  V»y  Kew\e>f 
b»toinetr\ca\\)Y  ViToWaa-ViOvx 


t  * 


•  • 


•  • 


by 


Opt.  Ihbt.    • 
Nbw.  Opt. 


Elxct.       10 — 14| 
Maom. 

""^^^^^    •  * 

Klrct.  Maok. 

Pop.  Imt, 


Eliot.  Maon. 
Nbw,   Opt. 
Opt.  Inst. 


Oalv. 


TuauM. 


KlJiCT. 
TllBUM. 


33 
9 

32-41 

96 

79—93 

79-«l 

69 

.      70 

70 

70—71 

.      71 

74—75 

.      92 

81-^92 

87 

31 

63 

19 

33 

.      43 

3 

31. 3-' 

19—20 

I-IO 

2 

3 

2 

3 

.    3,4 

5 

7 

6 

8 

8 

9 

.        S 

9 

9 

9 

10— 15 

12 

13 

11,  12 

ia-5fi 

.       18 

.  67—00 

3:i-:fi» 

.    ^,^ 

.    ,37,38 

38,39 

39 

.  39—45 

40 

.      41 

.    20,21 

.      24 

.      2!> 

.    30,31 

.    32,33 

,13 

.  45^—51 

43 

.4»— 47 
47,48 


GKNERAL  INDEX. 

ThermomeieTj  alcoholic   and  mercorial,  table  of   oompariMm 
at  diflferent  temperatnres      ...... 

.  •         day  and  night,  of  Rutherford  . 
Tkermometric  Hifgrome/erf  Leslie's,  described 
Tkermotcope,  Rumford's  described  .... 

Thwrnuh-elielricily,  definition  of,  and  experiments  on 

the  phenomena  of  not,  hitherto  redaoed 

to  a  theory 

does  not  appear  to  arise  from  any  chemical 
change  in  the  materials     .         .  .        * . 

Thermo-electric  currents  distinguished  from  galvanic   .         • 

metals  best  fitted  for  producing    • 
chiefly  recognized  by  their  effects  on 
the  magnetic  needle  ...... 

Threefold  motion  of  the  earth  described 

T^deSf  cause  of,  explained  ...... 

.  •     exist  in  the  atmosphere  as  well  as  in  the  ocean 
Time,  solar  and  sidereal,  distinguished      .... 

Topaz,  colourless,  of  New  Holland,  use  of  doable  refracting 
prisms  ...  .  •         .  .  . 

Torpedo^  anatomical  description  of     .        . 
Tor$ion^alancef  description  of       .  .  . 

its  extreme  sensibility 
TorMioH-ffalvanomeler^  described 
Tourmaline^  its  electrical  properties  . 
Drade-windt,  description  and  cause  of     • 
jyaitg/ereitce  of  electricity         .... 

TynnsmiMsion  and  reflection  of  light — easy  fits  of 

colours  from  transparent  plates 
Transparent  liquors,  their  colours  vary  with  their  thickness 
plates,  their  phenomena  .         .         .         • 

substances,  tables  of  refractive   and  dispersive 
powers       .••.•«•.. 
Tropics,  described        ...••.. 

Vrough  battery,  galvanic,  described 

• .  . .         Cruikshank's 

Trumpet,  the  speaking-trumpet  and  ear-tmmpet  constructed 
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